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LETTER OF TRANSMITTAL 


New York, April 30, 1914. 


Honorable JOHN PurRoy MITCHEL, Mayor of the City of New York, 
Executive Chamber, City Hall, New York City. 

Sir: The report of the Metropolitan Sewerage Commission which is submitted 
herewith recommends a system of main drainage and sewage disposal for New York 
City, to be built in progressive stages. 

This report is the third bound volume issued by the Commission to describe its 
investigations and its opinions and recommendations. In addition there has been issued 
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the reports, with the dates of issue, will be found at the end of the present volume. 
There is also appended a list of the assistants and experts employed. The membership 
of the Commission has remained unchanged from the reorganization of the board in 


January, 1908, to April 30, 1914. 


Respectfully submitted, 
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FOREWORD 


It will be of assistance in examining the following report to note that it is divided 


into four parts. 
Part I is a summary of the work done from 1906 to 1914. 


Part II describes the plans for main drainage and sewage disposal works which 
the Commission recommends the City of New York to construct for the protection of 


the harbor. 


Part III contains reports of experts consulted by the Commission, including five 
critical reports and four reports upon special topics, together with digests of these 


reports and explanatory matter relating thereto. 


Part IV contains data relating to the protection of the harbor, including analytical 
results not previously published, corrected statements with respect to tidal flow, a dis- 
cussion of the present status of sewage disposal and practical examples of main 


drainage and sewage disposal works of various large cities. 
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PART I 
Summary of the Work 1906-1914 


With the making of this report and in accordance with instructions from the 
Legislature, the Commission submits to the Mayor a general plan of main drainage, 
sewage collection and disposal for the whole city, and recommends that a special 
commission be created or designated to build and maintain the works. The plan is 
sufficiently definite to show the nature, extent and approximate cost of the works. 
Such detailed studies of design as may be necessary before the final estimates and con- 
tracts are prepared can appropriately be made by those who are intrusted with the 
construction. 


To place the construction in the hands of a commission to be created or designated 
for the purpose is in accordance with the precedent followed by the city heretofore in 
connection with its water supplies and subways. The Metropolitan Commission does 


not seek authority for carrying its recommendations into effect. 


THE SYSTEM RECOMMENDED 


The system recommended consists largely of intercepting sewers, running approx- 
imately parallel to the water front, to collect the sewage from the local sewerage sys- 
tems to a number of centrally situated disposal plants where sufficient of the impurities 
can be removed to permit the effluent to be discharged into the waters without danger 
or offense. To facilitate the diffusion and assimilation of the sewage materials. by 
the water, it will be desirable to place the outlets at the bottom of the deep and 
swiftly-flowing channels. 

The system of main drainage which the Commission recommends is presented for 
adoption by the city both as a plan and policy for future construction and should be 
carried out in successive stages and not as one undertaking. The immediate con- 
struction of the whole scheme is not necessary from a sanitary standpoint. Such 
parts of the system as are needed for the immediate future should be taken in hand 
at once and the remainder built as required. The plans are sufficiently flexible to per- 
mit of the adoption of any discoveries or improvements in the art of sewage disposal 


which may be made in the future. 


When complete, the works will constitute a systematic and well co-ordinated 


scheme of main drainage for the whole city which will utilize the absorptive capacity 
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of the harbor waters to the greatest extent consistent with due regard to the public 


health and welfare. 


ScoPE AND LEGAL AUTHORITY 


The authority and instructions in accordance with which the Commission’s work 
has been done are to be found in four acts of the Legislature of the State of New 
York. Of these, Chapter 200 of the Laws of 1910 and Chapter 332 of the Laws of 
1913 merely extended the life of the Commission. Chapter 422 of the Laws of 1908 
continued the Commission from May, 1909, to May, 1910, placed the compensation 
of the Commissioners on a salary instead of a per diem basis and authorized the Board 
of Estimate and Apportionment of New York City to provide the means for carrying 
out the legislature’s instructions in a sum not to exceed $75,000 in any one year. 

Aside from the foregoing, the authority and instructions of the Commission are 
contained in Chapter 689 of the Laws of 1906. This act required the Commission to 
continue the work of the New York Bay Pollution Commission which was established 
by Chapter 639 of the State Laws of 1908, and extend that work so as to include the 
following duties: 

1. To make further investigations into the present and probable future 
sanitary condition of the waters of New York bay and other bodies of water 
within or adjacent to the several boroughs of New York City and neighboring 
districts. | 

2. To consider and investigate the most effective and feasible means of 
permanently improving and protecting the purity of the waters of New York 
bay and neighboring waters, giving attention particularly to the following 
subjects : 

(a) Whether it is desirable and feasible for New York City and the munici- 
palities in its vicinity to agree upon a general plan or policy of sewerage 
and sewage disposal which will protect the waters of New York bay and vicin- 
ity against unnecessary and injurious pollution by sewage and other wastes; 

(b) What methods of collecting and disposing of the sewage and other 
wastes which pollute, or may eventually pollute, the waters contemplated in 
this act are most worthy of consideration ; 

(c) Whether it is desirable to establish a sewerage district in order prop- 
erly to dispose of the wastes, and adequately protect the purity of the waters, 
contemplated in this act, and if so, what should be the limits and boundaries 


of this sewerage district ; 
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(d) What would be the best system of administrative control for the in- 
ception, execution and operation of a plan for sewerage and ultimate sewage 
disposal of a metropolitan sewerage district; whether by the action of already 
existing departments and provisions of government, by the establishment of 
Separate and distinct sewerage districts and permanent commissions of each 
state, by one interstate metropolitan sewerage district and commission to be 
established by agreement between the two States, this agreement if necessary 
to be ratified by congress or by other means. 

3. To co-operate with any duly authorized body or commission having 
similar authority in the State of New Jersey in the joint investigation and con- 
sideration of the various subjects specified in this act. 

4. To submit to the Mayor a full and complete report of the investigations, 
conclusions and recommendations. 

To facilitate the work intended, the Commission was given all the powers of com- 
mittees of the State Legislature, authority to administer oaths, subpoena witnesses 
and take testimony. Power was also given to engage engineers, chemists, bacteri- 
ologists and other assistants and to incur such other expenses as might be necessary. 

Upon the termination of the Commission’s work, its data and other effects were 
required to be turned over to the Board of Estimate and Apportionment of New York 
City. 

In a court decision rendered in December, 1908, the Commission was declared to 
be a State body. This judgment was rendered in a suit brought to determine whether 
the Commission had a right to fix the salaries of its employees independently of the 
provisions of the New York City Charter. 

Briefly stated, the Commission was a temporary investigating and advisory board 
appointed by the Mayor of New York City in accordance with mandatory legislation 
by the State. The Legislature specified the work to be done and conferred broad 
powers for the accomplishment of the desired results. The City of New York granted 
the Commission appropriations aggregating $265,000, this money being voted by the 
Board of Estimate and Apportionment from time to time after fully investigating the 
uses to which it was to be put. On three occasions the Commission was continued by 
the Legislature at the instance of the Mayor of New York, the original period of 
existence of three years being extended to ten years. After eight years, the Commis- 
sioners resigned, stating that their work had been accomplished and that it was the 
unanimous opinion of all who had a thorough knowledge of the conditions that the 
time had come to provide for the construction and maintenance of the necessary 
works. 


22 SUMMARY OF THE WORK 
Work REPORTED TO May, 1910 


The questions raised by the Legislature were answered in a report dated April 
30, 1910. The report stated that the Commission had undertaken to establish the 
facts attending the discharge of sewage in the metropolitan district, to determine the 
extent to which the resulting pollution was injurious to the public health and welfare 
and to ascertain what it would be necessary to do in order to meet the reasonable 
requirements of the present and future. A study had been made of the capacity of 
the waters for harmlessly assimilating sewage. The sewerage systems of New York 
and other cities within twenty miles of the New York City Hall had been examined 
and estimates made of the population and quantities of sewage discharged from the 
houses and streets by the human and animal populations. Careful estimates of the 
future population had been made and, particularly, its location and density. Experi- 
mental studies had been conducted to determine the possibility of diffusing and dis- 
posing of sewage through the waters of the harbor without offense or danger to the 
public welfare. Tests had been made to determine the extent to which public bathing 
places and shellfish beds were polluted by sewage. An investigation of the tidal 
phenomena of the harbor had been carried on in co-operation with the U. S. Coast 
and Geodetic Survey. After ascertaining the essential details of various trunk sewer 
projects which threatened to add materially to the pollution of the harbor, the Com- 
mission had expressed an adverse opinion on the discharge of untreated sewage from 
these trunk sewers. An examination into the legal jurisdiction exercised over the 
harbor waters had been undertaken in order to aid in determining the best form of 
administration for a comprehensive system of sanitary conservancy. 

At the instance of the Commission and in accordance with the legislative acts 
which provided for its creation, communications were twice sent by the Secretary of 
State of New York to the Governor of New Jersey inviting New Jersey to co-operate 
in the work which the Commission was performing. These invitations were without 
result. The report of 1910 was a volume of 550 quarto pages. 

The recommendations which the Commission made were such as had been found 
successful in other populous centers in Europe and America. They were to the effect 
that the metropolitan territory should be divided into sections with boundaries to be 
determined partly by the quantities of sewage produced, partly by the facilities which 
existed in the several localities for disposing of the wastes in a sanitary manner and 
partly by considerations of cost. 

No single system of conduits to collect the sewage of the whole district and carry 
it to one point for disposal was considered practical. To a considerable extent puri- 


fication works embodying the principles of sedimentation, screening and filtration 


SUMMARY OF THE WORK 23 


should be employed. There should be prepared an outline plan to which all future 
sewerage works should conform so far as that work related to the disposal of sewage 
and there should be plans drawn in some detail for the disposal of the sewage of indi- 
vidual districts. This program involved for the immediate future no expenditure or 
commitment of the City or State beyond the expenses of the commission to prepare 
the plans. 

A large part of the sewage discharged into the Harlem river and neighboring 
waters should be intercepted and taken elsewhere for disposal in order to do away 
with the existing nuisances. Special detailed studies should be made for improved 
sewerage and sewage disposal for the portions of the Boroughs of Queens and Brooklyn 
bordering on Jamaica bay and the East river at the entrance of Long Island Sound with 
reference to plans for the interception of sewage and a determination of the kind and 
degree of the purification required. 

Plans should be prepared as soon as practicable for the reconstruction of the 
sewers of Manhattan on the separate plan. The new plans should preserve for use 
the existing sewers to as great an extent as possible. 

With respect to projects for large trunk sewers to discharge the sewage of more 
or less inland communities into New York harbor, an adequate degree of purification 
should be insisted upon under a form of agreement which could be legally enforced. 
The suit of the State of New York against the Passaic Valley Sewerage Commissioners 
and the State of New Jersey should be pressed, to the end that proper provision 
might be made to protect the public welfare against the pollution which the commis- 
sion considered likely to result in spite of an agreement entered into in 1910 between 
the United States Government and the Passaic Valley Sewerage Commissioners as to 
purification. 

Great care should be exercised in the location of public bathing establishments 
to avoid unsafe localities and the free floating bathing establishments around the 
water front should be gradually abolished, properly planned bathing places supplied 
with pure water being substituted therefore. 

The methods of designing and constructing sewers in the metropolitan district 
should be made standard, where feasible. Closer co-operation should be effected be- 
tween the departments and bureaus concerned with the construction and maintenance 
of the sewers of New York. Legal steps should be taken to give the inspectors of the 
Bureaus of Sewers of New York the right to enter upon property for the purpose of 
inspecting the sewer connections of houses in order to protect the sewers against acids, 
hot liquids, steam and other injurious trade wastes. 


In conclusion, the Commission stated that it had formulated a general plan or 
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policy by which the sanitary condition of the harbor could be permanently protected 
and improved. It recommended that the duty of carrying out this policy be placed 
in the hands of a special beard of Commissioners. The first duty of the Commission 
proposed would be to utilize the information which had been collected and plan the 


necessary work. 


WorK REPORTED FROM May, 1910, To AuGustT, 1912. 


Upon receipt of the Commission’s report of 1910, the Mayor requested the Com- 
missioners to continue to serve in order to extend the investigations and prepare plans 
and the legislation necessary to continue the Commission for three years was passed. 
Delays incurred owing to the performance of work not anticipated and it being found 
that the Commission could not finish its final report before May, 1913, the Mayor again 
had the life of the Commission extended by the Legislature. 

The work done from 1910 to 1914 was chiefly confined to the City of New York and 
that part of the harbor which lay wholly or in part within the New York State bound- 
ary. The Commission proceeded to lay out a general plan of main drainage and 
sewage disposal for New York City in accordance with the information and opinions 
derived from the preceding investigations. 

Before the completion of a definite project of main drainage and sewage disposal 
and before any public announcement of the plan, the engineer in charge of the sewers 
of the borough in which the proposed works would be located was invited to criticise 
the plans. This invitation was always accepted and, in some cases, material modi- 
fications in the original plans were made in order to meet the suggestions of the local 
authorities. Works, substantially as recommended in the present report, were an- 
nounced for the City of New York, this announcement being made in the form of 
printed preliminary reports with tables of cost and other data and accompanied by 
lithograph maps and profiles showing the approximate location, size, elevation and 
capacity of the collectors and interceptors, the location of the disposal works and out- 
falls and other material. 

In August, 1912, the Commission published a report in the form of a bound volume 
of about 450 pages which contained a description of the present sanitary condition of 
the harbor and the “degree of cleanness” necessary and sufficient for the water and the 
results of analytical examinations of the harbor waters and deposits from the harbor 
bottom. In describing the sanitary condition of the harbor, the volume and circula- 
tion of the water was dealt with and an account given of the composition and volume 
of the sewage which was discharged into the harbor, the appearance of the water, the 


phenomena of digestion and mechanical transportation of the sewage particles, the 
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state of the water as shown by the dissolved oxygen and the intensity of pollution 
as indicated by bacterial and microscopical analyses. 

The study of the degree of cleanness necessary and sufficient for the water was 
taken up largely for the Board of Estimate and Apportionment which had been ad- 
vised by consulting experts, after an investigation, that the city should seek to main- 
tain 70 per cent. of the saturation value of dissolved oxygen in the water and the 
Board desired to have a special commission created to make a further investigation 
and report on this subject. The Metropolitan Sewerage Commission’s offer to engage 
experts and make a report upon the proper degree of cleanness was accepted and the 
1912 report contains the Commission’s opinion, a summary of the opinions of the 
experts and the reports in full of the eight experts who were called upon. 

The analytical data which were published in the 1912 report were shown in the 


form of tables, maps and diagrams, all carefully co-ordinated to facilitate examination. 


THE FINAL REPORT 


Among the reports not otherwise described here were Preliminary Reports VIII 
to XVII, printed and distributed between November, 1913, and April, 1914. These 
reports with additional matter are brought together in this final report of the 
Commission. 

A large amount of work has been done by the Commission which has not and 
cannot well be reported upon without exceeding reasonable limits of expense. Some 
of this work has been done in the chemical and bacteriological laboratories which the 
Commission has continuously maintained since 1908. Other investigations have cov- 
ered special engineering topics, such as dredging and the preparation of alternative 
plans for the .collection and disposal of the sewage. Practically all of these studies 
have been recorded in the form of reports and are among the extensive, systematically 


arranged records in the Commission’s office. 


EXPERTS CONSULTED 


Assisting the Commission in the conduct of its investigations and in the prepara- 
tion of its projects have been a large number of engineers, chemists and bacteriolo- 
gists. Throughout its work the Commission has followed the policy of inviting the 
best qualified experts obtainable to contribute criticism, both constructive and 
destructive, the intention being to make the investigations represent the broadest, most 
valuable and authoritative treatment of New York’s sewage problem which could be 


obtained. 
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Following is a list of the professional consultants engaged by the Commission at 
various times between October 7, 1908, and January 14, 1914: 

W. BE. Adeney, Sc.D., F.1.C., Consulting Chemist, Dublin, Ireland. 

Charles V. Chapin, M.D., Se.D., Superintendent of Health, Providence, R. I. 

George E. Datesman, C.E., M. Am. Soe. C.E., Bureau of Surveys, Philadelphia, Pa. 

Harrison P. Eddy, B.S., M. Am. Soc. C.E., Consulting Engineer, Boston, Mass. 

Desmond Fitzgerald, Past President, M. Am. Soc. C.E., Consulting Engineer, 
Brookline, Mass. 

Gilbert J. Fowler, Se.D., F.1.C., Superintendent, Sewage Disposal Works, Man- 
chester, England. 

George W. Fuller, B.S., M. Am. Soc. C.E., Consulting Engineer, New York City. 

Augustus H. Gill, Ph.D., Professor of Gas Analysis, Massachusetts Institute of 
Technology, Boston, Mass. 

X. H. Goodnough, C.E., M. Am. Soc. C.E., Chief Engineer of the Massachusetts 
State Board of Health, Boston, Mass. 

Rudolph Hering, Se.D., M. Am. Soc. C.E., Consulting Engineer, New York City. 

Karl Imhoff, Dr. Ing., Chief Engineer, Sewer Department, Emschergenossenschaft, 
Essen, Germany. 

Floyd J. Metzger, Ph.D., Professor of Analytical Chemistry, Columbia University, 
New York City. 

William P. Mason, C.E., M.D., M. Am. Soe. C.E., Professor of Chemistry, Rens. 
selaer Polytechnic Institute, Troy, N. Y. 

Samuel Rideal, Sc.D., F.1.C., Consulting Chemist, Westminster, London, England. 

William T. Sedgwick, Ph.D., Sc.D., Professor of Biology and Sanitary Science, 
Massachusetts Institute of Technology, Boston, Mass. 

I’. Herbert Snow, M. Am. Soc. C.E., Chief Engineer, State Department of Health, 
Harrisburg, Pa. 

J. H. Stebbins, Ph.D., Microscopist and Chemist, New York City. 

C.-E. A. Winslow, M.S., Curator, Department of Health, American Museum of 
Natural History, New York City. : 

John D. Watson, M. Inst. C.E., Engineer, Birmingham, Tame and Rae District 
Drainage Board, Birmingham, England. 

W. I. Willcox, Ph.D., Professor of Statistics, Cornell University, Ithaca, N. Y. 

In arriving at a conclusion upon the subject of administration, a recommendation 
as to which was one of its specified duties, the Commission had the benefit of the views 


of a number of citizens who, from official position or other practical experience, are 
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particularly well qualified to advise. The number included Ex-Mayors Seth Low and 
George B. McClellan, also Messrs. Lawson N. Purdy, Robert W. DeForest, Henry R. 
Towne, E. H. Outerbridge, George L. Rives and Charles Strauss. 


NEED OF IMMEDIATE ACTION. 


As to the urgency of providing a system of main drainage and sanitary sewage 
disposal, the Commission and its advisers strongly recommend that steps at once be 
taken to correct the evils which exist. Even if corrective measures are begun immedi- 
ately, it will necessarily be some years before the works can be completed and their 
benefit can be realized. 

At the present time the crude sewage of a population of over 6,000,000 persons is 
discharged through several hundred outlets into the harbor without purification, regula- 
tion or control of any kind. The discharges, all of which take place at the shore line or 
beneath the docks and piers, discolor the water, pollute the shores, produce offensive 
deposits and cause solid matters, plainly recognizable as of sewage origin, to float about 
in plain sight. Bathing and the taking of shellfish for food are no longer safe north of 
the Narrows. 

The pollution, objectionable as it is at the present time, is rapidly increasing. 
Within the next thirty years the population will be about double what it is to-day and 
the quantity of sewage will increase in proportion. 

The pollution is most objectionable in summer when it is desirable that the water 
should be cleanest; it is most intense in those sections where the density of popula- 
tion and the congestion of water traffic are greatest. 

The Commissioners feel confident that their recommendation to place the dis- 
posal of New York sewage under a special commission will prove to be a measure of 
economy, since this concentration of responsibility for the sanitary disposal of the sew- 
age will insure an orderly and well co-ordinated development of the City’s main drain- 
age works and prevent either the piecemeal construction of works intended to improve 
intolerable local conditions or unnecessarily comprehensive and expensive main drain- 
age schemes. 

The members of the Commission feel that they cannot state the need of improve- 
ment too strongly. The public has been made aware of the situation through the 
numerous reports which the Commission has issued from time to time. Among great 
cities, New York is practically alone in not possessing either a system of main drain- 
age and sewage disposal or a plan and policy for the sanitary conservation of its water 


highways. 
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PART II 


Plans for the Protection of the Harbor 


CHAPTER I 
PRELIMINARY CONSIDERATIONS 


In a report issued by this Commission April 30, 1910, it was recommended that a 
sewerage district and commission be created for that part of the States of New York 
and New Jersey whose natural drainage was directly tributary to New York harbor. 
The studies which had been made indicated that all the territory within about 20 
miles of the New York City Hall, embracing about 700 square miles in the two States, 
should be included. This entire district had been under investigation and a boundary 
for the territory had been provisionally established in accordance with the natural 
water sheds and with regard to the distribution of population. The district extended 
to the village of White Plains, N. Y., to the north, to the mouth of the Raritan river, 
N. J., on the south and from the easterly limits of New York City far enough west to 
include the municipalities of Paterson, Summit and Perth Amboy, N. J. About 90 
municipalities lay within this territory. 

Dividing the district about equally in a general north and south direction is a 
line separating New York from New Jersey. Inasmuch as the interstate ooundary 
passes for some miles through the center of the harbor, no plan for protecting these 
waters can be carried out with satisfactory effect without some form of codperation. 

Codperation between the two States in devising a comprehensive plan or policy 
for protecting the harbor against excessive pollution has been sought by New York 
without effect. The legislative bill providing for the creation of the Metropolitan 
Sewerage Commission of New York authorized and directed this body to act in concert 
with a similar board to be created by New Jersey. To this end an invitation was 
twice extended to the Governor of New Jersey by the Secretary of State of New 
York before the year 1910. In the absence of coédperation, investigations of the con- 
ditions of sewerage and sewage disposal in the entire metropolitan district were 
carried on by the New York Commission for four years. The results of these studies 
have been made freely available to the people of the two States by the publication of 
the report of the Metropolitan Sewerage Commission of New York in April, 1910. 

For the three years following-the publication of its report of 1910, this Commis- 
sion confined its attention to that part of the metropolitan sewerage district which lay 
within the State of New York, the reason for restricting its attention to this part of 
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the district having arisen mainly from a change in the nature of this Commission’s 
work. Occupied before 1910 with the collection of data relating to the conditions of 
sewerage and sewage disposal as existing up to this time, this Commission’s attention 
was subsequently given to the work of laying down the essentials of an improved plan 
of main drainage and sewage disposal for New York City. 

In laying out an improved system for the disposal of the sewage of New York 
City, this Commission has received assistance from the sewer bureaus of New York 
and from various departments and officials of the metropolis whose aid has been 
requested. The plans have been largely based upon information thus obtained and the 
various projects have received the benefit of criticism from the city officials charged 
with the duty of maintaining the local drainage systems in the various parts of the 
city. As soon as plans for any part of the territory have been brought to a reason- 
able state of maturity, they have been issued by this Commission in the form of a pre- 
liminary report in order that the public might be informed as early as possible and 
such modifications might be made in the plans for local drainage as would be neces- 
sary in order to conform with the larger projects of main drainage. 7 

The total number of preliminary reports leading up to or describing works has 
been six. The projects announced in the preliminary reports are brought together in 
the following pages with such modifications as further study and criticism have seemed 
to make desirable. 

Of the six preliminary reports, the first was concerned with the possibility of col- 
lecting all the sewage of New York City to a central point for disposal. 

The second preliminary report described the four principal drainage divisions in 
that part of the metropolitan sewerage district which lies in New York State.. 

The third preliminary report described a study of the collection and disposal of 
the sewage of the Jamaica Bay Division. 

The fourth preliminary report was on the collection and disposal of the sewage 
of the Upper East River and Harlem Division. 

The fifth preliminary report dealt with the collection and disposal of the sewage 
of the Richmond Division. 

The sixth and final preliminary report describing works recommended a plan for 


the collection and disposal of the sewage of the Lower East River, Hudson and Bay 
Division. | 


THE POSSIBILITY OF COLLECTING THE SEWAGE TO A CENTRAL POINT 
FOR DISPOSAL. " 


The benefits which would accrue from collecting all the sewage of New York City 
into one complete system of main drainage and pumping it out to sea are so apparent, 
and this plan has been so frequently suggested by engineers and others who recog- 


~ 
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nize the need of stopping the pollution of the harbor, that this Commission has given 
serious attention to the practicability of the project. There are many ways in which 
this plan could be carried out and the four most promising forms of the general 
project have been considered. It may be said at the outset that it is within the range 
of engineering ability to carry out any of them, but this Commission considers that the 
benefits which would be secured would not be sufficient to justify their cost. Other 
and more economical ways exist for sanitating the harbor, 

The point most suitable for the outlet of the sewage would depend upon the quan- 
tity of sewage to be disposed of and the uses to which the neighboring shores of the 
sea might be put. The larger the quantity of sewage, the farther the outlet should be 
from land. The farther the outlet is located from the shore, the more costly the un- 
dertaking would become. It would be necessary to carry the outlet a long distance 
from the shores if a large volume of sewage was to be discharged in crude condition, 
since the coast line within 100 miles of New York in either direction is composed 
exclusively of sandy beaches which are the resort of large numbers of persons during 
the summer months. Under any circumstances it would not be feasible to carry the 
outfall of a sea-going tunnel more than about three miles from the land because of 
the increased depth of the water. Other conditions which would affect the location of 
the outfall would be the condition of the sewage with respect to the solid matter con- 
tained, the state of the sewage with respect to putrefaction, the force and direction of 
the tidal currents with regard to the shores and the mouth of the harbor, and the uni- 
formity and intermittency of discharge. 

The volume of sewage which would have to be disposed of in case all the dry- 
weather flow were to be discharged at sea would be very great. Careful estimates of 
population and quantities of sewage which will be produced in the year 1940 indi- 
eate that there will be 1,330,000,000 gallons of sewage per twenty-four hours. Table 
I shows the estimated population of New York City for 1940; the present population 
is as enumerated by the United States Census of 1910. 


TABLE I 


ESTIMATED VOLUME OF SEWAGE FLow In New York Crty In 1940. Sr Report or THE 
METROPOLITAN SEWERAGE Commission, Datep Aprit 30, 1910 











Estimated Population | Estimated Volume of 


: Corresponding Volume of 
BOROUGH. in 1940. Sewage Flow in 1940. Sewage Flow a Gals, per 
See Report of 1910, See Report of 1910, Capita per 24 Hours. 
page 144. page 146. Mgd.* 

RISA NE ARES ye ks ew bes 3,600,060 583 162 
MRSC eet. Ske Boosie avers 5 1,200,000 159 132 
PUMP URI May og os eck eae se ss 3,200,000 426 133 
WE aS oh ts a hi gk 870,000 138 159 
SIMIC eae es ssc com ws wre eae 130,000 24 185 
RRPPATR Ce hte lewis weet wees 9,000,000 1,330 148 





*Million gallons per day of 24 hours. 
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The estimates of population and sewage flow contained in Table I are revised 
from the figures which originally appeared in the report of this Commission, dated 
April 30, 1910. When that report was being prepared, the United States census for 
1910 had not been completed. Estimates made by this Commission indicated that the 
population was about 4,600,000, whereas enumeration by the Census Bureau showed 
it to be slightly greater, or 4,766,883. In view of the fact that the city was growing 
more rapidly than had been assumed by the Commission, the estimates for the popula- 
tion of New York for the year 1940 had to be corrected. In place of a population of 
8,660,100 which had been forecasted in the report of April, 1910, the revised forecast 
became, roundly, 9,000,000. 

The first estimates of the sewage flow for 1940 were 1,580,000,000 gallons, and 
this figure was published in the report of April, 1910. With more definite knowledge 
of the population in 1910, and with better information concerning the probable total 
water consumption as studied by the Board of Water Supply, this Commission’s fig- 
ures for sewage flow in 1940 were revised to 1,330,000,000 gallons per twenty-four 
hours. How great is this volume of sewage can be understood from the fact that it 
would equal a stream 10 feet deep and 46.7 feet wide flowing at the rate of 3 miles an 
hour. 

The state of the sewage with reference to putrefaction would probably neither 
favor nor hinder its prompt disappearance. The largest solids would be removed from 
the sewage by screens for the protection of the pumps which would be required to force 
the sewage to the outlet, and much solid matter would be broken up by the passage 
of the sewage through the sewers, so that the matters left. in suspension would consist _ 
of very finely divided particles and material in the colloid state. The sewers would 
be so long and, consequently, the time taken by the sewage to reach the outlet would 
be so great, that the sewage would be in a state of decomposition by the time it 
reached the outlet and would, therefore, be much more offensive than fresh sewage. 
In consequence of this fact the water in the vicinity of the outlet would be more 
offensively polluted than it would be were the sewage to be discharged in fresh con- 
dition. The oxygen would almost certainly be entirely gone from solution in the 
sewage and there would be an immediate and heavy demand upon the dissolved oxygen 
in the sea water. 

Just how far the outlet would be from shore would not be susceptible of exact 
determination. From six to ten miles seems not too great a distance in view of the 
circumstances and yet it would be difficult, if not impracticable, to build the outfall at 
such a distant point by any methods of engineering construction which have thus far 


been anywhere employed. 
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Experience shows that the sewage would mingle slowly with the sea water. It 
would in all probability rise in a column from the outlet at the bottom and flow to 
the top, there to spread out and move away under the influence of the tidal currents, 
its destination as sewage being determined partly by the tidal movements, partly by 
the force and direction of the wind and partly by the intermixing action of the waves. 

Studies made by this Commission indicated that the currents of the ocean mid- 
way between New York and New Jersey and about 15 miles from shore sometimes 
traveled at a rate of 2 miles per hour under normal conditions of wind and tide. When 
garbage was dumped at sea near this point in the year 1906 there was a distinct foul- 
ing of the shore lines over a distance of 50 miles from New York along Long Island, 
and for 70 miles along the shore of New Jersey. Wind undoubtedly had an effect 
upon this floating refuse, but wind would also have an effect upon the movement of 
sewage. Wind moves the whole surface of the water upon which it blows, as has 
been observed by this Commission in studying the behavior of sewage in Upper New 
York bay. | 

An examination of the depths of water along the New York and New Jersey 
coast lines, as recorded upon the official charts of the United States Coast and Geo- 
detic Survey, shows that there is no point available at a distance of 10 miles from 
shore to which a sea-going tunnel could well be built. The bottom is, for the most 
part, sandy, so that the tunnel would have to be built with compressed air. The depths 
required would exceed 120 feet, which is about the limit at which it is practicable for 
men to exist. Unless the outfall was located at an island, the tunnel would have to be 
built entirely from shore, no shafts being possible between the land and the point of 
outfall. This would make the construction of the tunnel a slow and costly under- 
taking. It is obvious that there would be serious difficulty in the construction of 
any long tunnel to sea. It is not clear how the outlet should be constructed in order 
to resist the destructive force of the great Atlantic storms. Storms of great violence 
occur throughout the winter season in this region and any structure which rose con- 
‘siderably above the bottom would have to be built in a massive way if it was to be 
permanent. Such structures as the intake cribs built for the supply of water to the 
cities on the Great Lakes could scarcely be constructed or maintained in the At- 
lantic, where the storms are very violent,and where there is usually a pronounced 
ground swell in calm weather. If the outlet were built merely as an opening through 
the bottom of the sea, it would appear to be necessary to protect it in some manner 
against the shifting movement of sand which is believed to move in great quantities 
along the bottom of the New Jersey and Long Island shores. Such an outlet would 
be difficult or impossible to examine or repair. 
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DISCHARGE AT SEA ON OUTGOING TIDAL CURRENTS 


The length of the sea-going tunnel could be greatly shortened if the sewage could 
be stored temporarily on shore and discharged only on out-going tidal currents. In 
this case the full benefit of the transporting power of the water could be utilized to 
carry the sewage matters as far away from the land as possible. Under these circum- 
stances it would seem reasonable to locate the outlet within about 5 miles from shore. 
A point from which it would be suitable to build the tunnel would be in the vicinity 
of Rockaway Point, and in this location storage basins should be situated to collect 
the sewage and hold it until outgoing currents occurred to carry it away. Because 
of the necessity for discharging only at certain hours, the tunnels would have to be 
larger or more numerous than would be required if the discharge took place 
continuously. 

Assuming that the quantity of sewage to be disposed of was 1,330,000,000 gallons 
per day, and that it would be discharged in two periods of four hours each, the 
storage basins and pumping station which would be required would have to cover an 
area of about 125 acres. The depth of the storage basins would be 25 feet. The tun- 
nels would be four in number and 18 feet in diameter each. The tunnels would run 
parallel to one another until near their outer ends, where they would separate to some 
extent before discharging. 

To collect the sewage to the vicinity of Rockaway Point, there would be need of 
a system of collecting and intercepting sewers running to all parts of the city. Staten 
Island would be connected by a tunnel beneath the Upper bay. Manhattan would be 
provided with intercepting sewers running around the water front. The sewage would 
pass under the East river to mains which would flow to storage reservoirs. The sew- 
age of Brooklyn would be collected by interceptors and one trunk line would run to 
the Bronx and another to a central point for the sewage of Northern Queens. 

To a large extent the present local sewerage systems which receive the sewage 
directly from the houses would be utilized, but the main drainage system would con- 
sist, for the most part, of conduits of large magnitude, some of them approaching the 
dimensions of rapid transit subways, the principal main sewers being five in number. 

Various pumping stations would be required at one or more points on each of the 
five main sewers or their branches and a general pumping station would be necessary 
at Rockaway Inlet to pump the sewage to the outlet at sea. In the estimates of cost, 
it has been assumed that the maximum capacity of pumps in each station would be 
50 per cent. in excess of what may be termed the average capacity anil in addition to 


this, a storage reserve capacity has been assumed in each case. 
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It has been assumed that the sewage would be stored during a period of eight 
hours when the tidal conditions were unfavorable to a discharge, and that the vol- 
ume so stored would be sent to sea during the subsequent four hours, together with 
the sewage which reached the central pumping station during this latter period. It 
has been assumed that 50 per cent. of the average daily flow might reach the central 
station during the period of eight hours and to store this the reservoirs should have 
a capacity of 665,000,000 gallons. The reservoirs would have a net area of about 102 
acres, allowing about 25 per cent. additional for walls, embankments, pumping station, 
etc., or say 23 acres. 

A safe velocity of discharge through the tunnels would be about 6 feet per second, 
and the rate of discharge per 24 hours would be about 4,000,000,000 gallons; under 
these circumstances four tunnels of 18 feet diameter each would be required. 

The point of outlet would be about three miles north of the Ambrose channel 
light vessel and about five miles southeast of Rockaway Point. 

As far as estimates have been made, it appears that the plan of collecting the 
sewage of New York to a central point and discharging it to sea on outgoing currents 
would cost not less than $140,600,000. Of this sum, the sewers to the central pump- 
ing station would cost about $51,000,000, the outfall tunnels about $51,000,000, and 
the storage reservoirs about $6,650,000; other items, including engineering and con- 
tingencies, about $18,000,000, allowing 15 per cent., and land about $2,000,000. 

It is possible that works somewhat similar to these may be needed for the remote 
future, but for the present no such extensive and costly scheme is necessary in order 
to remedy the existing conditions or is justified by the promise of benefits which would 


be conferred. 


APPLICATION OF THE SEWAGE TO FARM LANDS 


If the sewage of New York were collected to a central point to be utilized for 
agricultural purposes, it would be difficult to find a suitable location for the farms. 
It is unlikely that the people of New Jersey would consent to receive the sewage within 
the boundaries of that State. The land to the north of New York, in Westchester 
- county and beyond, is hilly and unsuitable for irrigation. The only land which is 
located at a suitable elevation above the sea and is of sufficient extent to receive the 
large quantity of sewage which would have to be disposed of is on Long Island. 

If the sewage were to be carried to Long Island for disposal on land, it should 
be collected first to a central point and there pumped to the irrigation fields. A suit- 
able central point would be in the vicinity of Jamaica. Leading to this place would 


be a main drainage system, including inter ceptors, collectors and mains from the vari- 
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ous parts of the metropolis. Large conduits would be needed to carry the sewage 
from the pumping station to the disposal fields. To accommodate the sewage in 
1940, three conduits with a diameter of 19 feet each would be necessary. 

The irrigation fields might begin in the vicinity of Amityville, a distance of 
about 30 miles from the New York City Hall. Any point nearer would be unsuitable 
for the disposal of a large quantity of sewage because of the numerous villages and 
other suburban settlements which exist. 

About 175 square miles of land would be needed, assuming that 12,000 gallons of 
sewage could be utilized per acre per 24 hours. This is the highest rate of disposal 
which should be allowed. A tract of land lying at a suitable elevation and possess- 
ing the proper quality of soil can be found running from Amityville to Quogue, a dis- 
tance of about 50 miles. 

From an engineering standpoint, the idea of applying sewage to the sandy soil of 
Long Island is feasible. It is estimated that the cost of the works necessary would be 
about $153,000,000, exclusive of farm land. The purchase of this land would repre- 
sent a large sum of money. Among the items of expense included in the estimate are 
the sewers leading to the main pumping station at Jamaica—$51,000,000; the gravity 
conduits from Jamaica to the farm lands—$34,500,000; the pumping stations at 
New York City and at the farm lands—about $13,000,000 each; and improve- 
ments on the farm lands—about $11,000,000. The engineering and contingencies, 
reckoned on a basis of 15 per cent. would amount to fully $20,000,000. In this esti- 
mate, as in the studies for the disposal of all New York’s sewage at sea, the quantity 
of sewage for the year 1940 has been estimated to be 1,330,000,000 gallons per 24 
hours and the population 9,000,000. The sewage would be the dry weather flow only. 
The estimates of cost should be understood as very rough approximations. 

Those persons who have advocated the application of the sewage to farm lands 
have generally done so in the belief that the manurial ingredients of the sewage could 
in this way be utilized and a return made on the cost of getting rid of the sewage. 
It is commonly believed that the sewage of a great city should be regarded as a vyal- 
uable asset, and that for economic as well as for sanitary reasons the useful ingredients 
should not be wasted. 

Scientific men, sometimes of great eminence, have called attention to the waste- 
ful habits which they have observed in the disposal of sewage, and have warmly ad- 
vocated the employment of measures for recovering the nitrogen, phosphoric acid and 
other forms of plant food from sewage. Liebig and Ramsey, the great German and 
English chemists, are on record with regard to this subject and many persons are 


familiar with the striking statements of the novelist Victor Hugo on the same subject. 
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Numerous efforts have been made to utilize the manurial ingredients of sewage, 
but most of these efforts have been unsuccessful. The City of Paris disposes of a 
large part of its sewage by application to farm land, but it has been found that the 
area of land required and the many difficulties in properly applying the sewage to 
the soil make it undesirable that these works shall be extended. The increasing 
quantities of sewage which will be produced by the growing population of Paris will, 
in all likelihood, be disposed of in future by intensive processes of purification in 
which no effort will be made to recover the manurial ingredients. Experiments look- 
ing to this end have been conducted by the city for some years and extensive works 
on the intensive principle have recently been put into operation for a part of the 
suburbs of Paris. 

Perhaps the most profitable example of sewage farms for a great city is afforded 
at Berlin. There the sewage is pumped from the city through long mains which ex- 
tend in various directions to broad farm lands in the sandy plain surrounding the 
city. The sewage disposal fields are managed with characteristic German care and 
frugality. Every effort is made to turn the sewage to a profitable use, as well as to 
dispose of it without nuisance or injury to health. The conditions of soil and eleva- 
tion of land are particularly favorable, and the land when purchased for the disposal 
of the sewage was cheap. The total area of land which it has been necessary to 
purchase in order to dispose of the sewage by irrigation is now so great that Berlin 
is regarded as one of the largest land owners in all of Germany. In Berlin, as in 
Paris, the application of sewage to land has not been found to be a commercially 
profitable undertaking and it is considered likely that intensive methods of purifying 
the sewage will, in course of time, be substituted for the sewage fields. 

There are apparently insuperable obstacles to the application of New York’s 
sewage to the soil of Long Island. Aside from the great cost of the works and land 
here mentioned, it would be necessary to eliminate villages and towns and require the 
right to the property of many large estates and public institutions or provide a much 
larger total area than that mentioned. More important still, a part of the water supply 
of New York might seriously be interfered with. Most of the drinking water for 
Brooklyn is obtained from wells on the south side of Long Island, and although it is 
possible that with the additional water supply now being brought to New York from 
the Catskill Mountains the Long Island ground waters will be given up for Brooklyn, 
it seems likely that public opinion will not permit the sewage of the metropolis to be 
disposed of on the land from beneath which such a valuable source of wholesome 
drinking water is obtainable. Finally, the south side of Long Island, to which the 


drainage would naturally have to flow, affords no suitable opportunity for the dis- 
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posal of the effluent. From New York City, for a distance of 100 miles, this shore is 
bordered by broad, shallow, grassy bays which are extensively used for the cultivation 
of shellfish and as a place of recreation for people from New York and other cities. 
If the application of the sewage to the land were conducted in the most successful 
manner possible, so far as the recovery of the manurial ingredients and the destruc- 
tion of harmful bacteria are concerned, the effluent from the fields would probably 
be so rich in plant food as to promote aquatic growths in the shallow bays to the point 
of nuisance. 


INTENSIVE PURIFICATION OF THE SEWAGE 


For disposal by intensive purification, the sewage could be brought to a central 
point by such a system of main drainage as has already been sufficiently described in 
discussing the possibility of discharging the sewage at sea or applying it to farm 
land. Perhaps the best place to which the sewage could be brought would be some- 
where in the vicinity of Jamaica bay. Extensive areas of low-lying land at moderate 
cost occur in this locality and there is, perhaps, less likelihood of producing objection- 
able nuisance here than anywhere. 

The process of purification would presumably be settlement for the removal of 
the larger solid ingredients and biological treatment for the oxidation of the dissolved 
organic matters. If the sewage were to be discharged without purification into the 
waters of Jamaica bay, a procedure which would be undesirable because of the 
shallow, grassy nature of that body of water and from the fact that large numbers of 
persons might be affected through the pollution of shellfish, the effluent could be dis- 
infected so that it would be practically, if not completely, free from disease germs. 

The intensive purification of sewage has come into general use in recent years. Its 
sole object is to dispose of those organic properties of sewage which cause offense 
when the sewage is discharged into water in excessive quantity or put upon land to an 
amount beyond the natural digestive capacity of the soil. As a general thing no 
effort is made to recover the nitrogen or other useful property, the end sought being 
the sanitary disposal of the sewage in the most expeditious and inexpensive manner 
possible. Many of the largest cities employ intensive methods of sewage treatment, 
including London, Glasgow, Birmingham, Manchester, Salford, Leeds, Sheffield, Ham- 
burg, Frankfort, Cologne and Dresden. 

The degree of purification accomplished in each case is not the same, the object in 
designing the works being to fit the process to the local situation in such a way that 
the cost will not exceed the requirements of the particular case. 


Included in methods which may be employed in the intensive purification are 
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screens, settling basins, precipitation tanks, septic tanks, hydrolytic tanks, slate beds, 
contact beds, percolating filters and intermittent filters. There are various types of 
apparatus in which these forms of treatment may be carried out, and there are some- 
times several ways of operating the same apparatus. 

For New York, if 1,330,000,000 gallons of sewage were to be treated on the shores 
of Jamaica bay, the process should be as thorough and complete as practicable or the 
effluent would have to be carried well out to sea. Estimates have been made of the 
cost of intensive treatment, assuming that disinfection would not be necessary, but 
that settlement in two-storied tanks followed by oxidation in sprinkling filters would 
be the most desirable process. The collection and treatment works would cost ap- 
proximately $141,000,000. Among the principal items would be the sewers leading to 
the works and the works themselves, each of which items would represent not less 
than $50,000,000. The pumping station would cost about $12,000,000 and the outfalls 
not less than $5,000,000. The engineering and contingencies, reckoned on the basis 
of 15 per cent., would amount to about $18,000,000. This sum, in the opinion of this 
Commission, is a large price to pay for the results which would be accomplished. 

It must be conceded that the purification of sewage by the more refined processes 
cannot be carried on without risk of producing objectionable conditions. Whether 
these conditions amount to a nuisance depends upon the extent to which the land in 
the vicinity of the works is occupied and the nature of this occupancy. Unpleasant 
odors and the presence of flies, while not seriously objectionable at a distance of sev- 
eral miles, would be a source of decided nuisance in the midst of a closely built-up 
residential quarter. The larger the works, the more extensive the nuisance which would 
be likely to occur. The disposal of more than a thousand million gallons of sewage per 
day by means of sprinkling filters or contact beds could not .be accomplished on the 
shores of Jamaica bay or anywhere else within the limits of New York City without 
giving rise to conditions so objectionable as to put the idea of purifying the sewage in- 


tensively out of the question. 


PARTIAL PURIFICATION ON AN ISLAND AT SBA 


Although it would apparently be impracticable to carry all the sewage of New 
York sufficiently far to sea to permit it to be discharged in crude condition and equally 
inadmissible to highly purify so large a volume of sewage within those sections of New 
York which are already thickly built up or likely to become so, a combination of 
ocean discharge and intensive purification should be considered. If the sewage could 
be relieved of a large part of its potentially harmful matter, it should be possible to 


discharge the effluent comparatively close to shore, and if the effluent could be dis- 
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charged within a short distance of the coast line, it should be possible to build an 
island at not too great cost to withstand the destructive action of the sea. This com- 


bination presents certain features which require further discussion. 


As to the location of an island, the situation is comparatively simple. No island 
now exists which could be employed for the required works. It would be necessary 
to build one on the extensive sandy bottom of the sea as it shelves upward to the shore 
and approaches the entrance to New York harbor. The sandy bottom is, according 
to the best information available, of permanent configuration. It would apparently 
be necessary only to deposit a mass of rip rap in the form of a wall and deposit rock 
or earth or sand within the enclosure until an island had been formed of the proper 
dimensions. The distance from shore should be as great as it would be practicable to 
go in constructing the tunnel. Detailed study will probably show that this distance 
should not be more than a few miles. The further the island was from shore, the 
greater the expense of constructing it and the greater the difficulties and cost of 
building the tunnel. It is probable that it would be more economical to purify the 
sewage to a comparatively great extent and carry on the operation comparatively near 
shore than to build the island at such a distance as would permit the sewage to be dis- 
charged in nearly crude condition. Three general localities appear possible as the sites 
for an artificial island. The one further at sea is where the Ambrose channel light vessel 
is situated approximately in longitude 73 degrees 50 minutes and latitude 40 degrees 28 
minutes. There is here extensive shoaling due apparently to continued discharge of 
cellar dirt and other heavy refuse dumped from boats engaged in carrying this material 
from the cities in the metropolitan district. The water at mean low tide ranges from 
34 to 60 feet and surrounding this point in all directions the depth is over 70 feet. 
To the south and east the water soon attains a depth of 100 feet. To the north and 
west it shoals rapidly to depths of 50 and 40 feet in the direction of Rockaway Point. 
The distance from the nearest land is 7 miles to Rockaway Beach. This point, which 
may be termed Ambrose shoal, is fully exposed to ocean storms, and if an artificial 
island is constructed here, it would have to be of massive and correspondingly costly 
construction. A second point which appears to be suitable for an island is about a 
mile east of the outer entrance to Ambrose channel at 40 degrees 30 minutes by 73 
degrees 55 minutes. The water here is about 32 feet deep at mean low tide and the 
distance from shore is about 314 miles. Deeper water lies to the south and east. The 
ocean storms act directly and with unabated force at this point and if an artificial 
island were to be constructed here, it would have to be of great strength to resist the 
destructive action of the waves. Considerable saving would, however, be effected over 


the cost of an island at Ambrose shoal because of less depth of water to be filled and 
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less depth and length for the sewage tunnel. The amount of treatment necessary to 
the sewage at Ambrose shoal would be a minimum. Perhaps no treatment whatever 
would be required. Some treatment would be necessary if the island were con- 
structed at the point nearer shore. Plain sedimentation would probably be sufficient 
at this point. 

A third location for the island exists among the shallow reefs which once formed 
what was known as the bar across the harbor in Lower New York bay. Here the 
water is not over 12 feet deep in places and it would be feasible to construct an arti- 
ficial island of large size at comparatively small expense. Deeper water lies in the 
vicinity. Tunnels which would carry the sewage from the shore would have to pass 
under water which would be not more than 23 feet deep at mean low tide. The dis- 
tance from shore would be about 3 miles. The location would be about 40 degrees 
31 minutes by 73 degrees 58 minutes. If 1,330,000,000 gallons of sewage were to be 
brought to this point each day, it would have to be purified to a very considerable 
extent. 

This Commission considers that the plan of collecting all the sewage to one 
central point is unnecessary for the reason that other remedies costing less money, in- 
volving fewer engineering and sanitary difficulties and promising equally satisfactory 


results are feasible. 


CHAPTER II 


THE FOUR PRINCIPAL DRAINAGE DIVISIONS IN THAT PART OF 
THE METROPOLITAN SEWERAGE DISTRICT WHICH LIES 
IN NEW YORK STATE 


In another part of this report a description is given of various ways in which the 
sewage of New York can be collected to a central point for disposal and it is there 
stated that it is the opinion of this Commission that works of less magnitude and cost 
than one great system of main drainage can be constructed to answer all the require- 


ments of the harbor as a whole and satisfy the needs of every locality. 


It is desirable here to state some of the fundamental considerations upon which 
the necessary works for the reasonable protection of the waters should be based, and 
in particular to describe the four principal drainage districts of New York City in 
which the many problems connected with the engineering works should be laid out. 


The division of the territory into drainage areas is fundamental to the proper de- 
sign of such large sewers, purification plants and outlets as are required. The bound- 
aries of these divisions should coincide approximately with the principal natural 
drainage areas of the land. The sewage should be collected and treated in each of 
these divisions in such ways as to afford all the relief needed in the near future and the 
design of the works should be such as to afford a more and more complete protection 
as the needs of the future may demonstrate. The quantities of sewage produced, 
the facilities which are open in the several localities for disposing of it in a sanitary 
manner and considerations of cost should have due weight in making the plans. The 
form, location, extent, depth and volume of the tidal water passing, the uses of the 
water for traffic, recreation, shellfish culture, bathing and other purposes and the 
present and probable future sanitary and aesthetic requirements of the public should 
receive due attention. | 

For purposes of administration during the construction and maintenance of the 
works, it was at first thought that the division of the territory should harmonize, if 
possible, with the separation of the city into boroughs, but a rigid agreement with the 
borough boundaries was soon seen to be impracticable and niincee te In some cases 


the natural drainage of two or more boroughs was tributary to a main division of the 
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harbor which it was desirable to protect. In other cases it would be necessary to gather 
sewage from two or more boroughs to one central point for disposal. Under such cir- 
cumstances rigid adherence to borough lines as the boundaries for the sewerage 


divisions would not be possible. 


In separating the territory into main sewerage divisions the chief consideration 
was to provide for an adequate and economical protection of the harbor water and to 
accomplish this object this Commission has been guided by the well-established en- 
gineering examples afforded in the successful protection of the harbors of other great 
cities, that is, by large intercepting sewers, usually running along the shore line to well 
situated central stations where the sewage can be treated for the removal of more or 
less of its impurities and the effluent discharged into deep, broad currents of open tidal 
water. 

The extent to which the harbor needs protection has been regarded as of funda- 
mental importance in these studies. The Commission has formed the opinion that it 
will not be necessary to keep all the sewage out of the harbor, for these waters can 
absorb a large amount of sewage in a harmless and inoffensive manner. This capacity 
should be fully utilized and the Commission has given much time to the study of the 
extent and way in which this can be done. 

It has been considered desirable to formulate a definite series of rules or restric- 
tions which would serve as a standard of purity or of cleanness for the water and 
form a serviceable guide in determining to what extent the sewage should be kept 
out of the harbor. Much care was used in preparing this standard. To assist in 
drawing it up, this Commission invited a number of prominent sanitary experts from 
various fields of professional activity to give their attention to certain specific ques- 
tions and put their opinions in the form of written reports. A standard of cleanness 
proposed by this Commission in the light of the opinions of the eight experts consulted 
has been published in a report dated August, 1912, and is to be found in another part 
of this report. 


QUANTITY OF SEWAGE ENTERING NEw YORK HARBOR 


The eight divisions into which New York harbor has been separated for purposes 
of study have been described in the Commission’s report of August, 1912. To these is 
here added a ninth, to include the sewage which is naturally tributary to the Passaic 


and Hackensack rivers. 


In preparing Table II, the dry-weather flow of sewage discharged into each divi- 
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sion has been assumed to be the same as the volume of the public water supplies of the 
areas tributary to the respective divisions. Where future quantities are considered, 
the sewage to be expected is in most cases based on the estimate of the authorities who 
are charged with the duty of providing the public water supplies. The populations 
for 1910 have been taken from the United States census reports; those for 1940 are 
based on carefully made estimates by this Commission, revised with the latest informa- 


tion obtainable. 


TABLE II 


POPULATIONS AND VOLUMES OF SEWAGE DIRECTLY TRIBUTARY TO THE SEVERAL DIVISIONS 
OF THE HARBOR 




















Year 1910. Year 1940. 
Division of the Harbor. Sewage. Gan 
. per Gals. per 
Ree Population. | Capita oe Population. | Capita 
so per Day. Be per Day. 
Harlem river.........6.0.00. Manhattan. ..| 70 522,000 156 | 960,000 
Bronk.te: oe 29 275,000 97 748,000 
99 797,000 124 253 1,708,000 148 
Hudson rivetic) s 2, pane ee Manhattan. .. 98 726,000 238 1,470,000 | | 
New Jersey... 34 283,000 64 470,000 
132 | 1,009,000 131 302 | 1,940,000 156: 
Upper East river............. Bronxs.t. oe 17 156,000 63 452,000 
Queens....... 4 26,000 36 197,000 
21 182,000 115 99 649,000 152 
Lower Hast river............. Manhattan. .. 144 1,083,000 189 1,170,000 
Queens....... 8 60,000 52 383,000 
Brooklyn..... 94 915,000 213 1,670,000 
264 2,058,000 120 454 3,223,000 141 
Upper bay <3. 2.004 2. See ee he eee ee 64 519,000 123 118 908,000 130 
Newark bay.iaa. 2. 4; fen cere Bayonne...... 1.3 18,000 ek 51,000 
Jersey City... 0.8 6,000 ibs 8,000 
Newark....... 10 67,000 18 115,000 
Elizabeth..... 1 12,000 3.6 26,000 
13 103,000 126 30 200,000 150 
Kill van ‘Kull..3.,¢2 see Bayonne...... 1.8 23,000 9 64,000 
Richmond....| 5 27,000 14 75,000 
; 50,000 140 23 139,000 | 165 
Jamaica bay ).:s 5... one eee Brooklyn..... 270,000 619,000 
Queens....... 81,000 290,000 
; 53 351,000 151 163 909,000 180 
Passaic and Hackensack rivers |New Jersey... 130 950,000 137 349 1,900,000 184 


Totals. 56.5 see be eae ne 765 6,019,000 Pent 1,719 {11,576,000 





*Million gallons per 24 hours. 


From Table II it will be seen that the total quantity of house sewage tributary to 
the harbor in the year 1910 was 765,000,000 gallons per 24 hours, and the population 
supplying this sewage was 6,019,000. By 1940 the population will be almost doubled 
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and the quantity of sewage will be more than doubled. The sewage expected in 1940 
in one day will be enough to fill a reservoir one square mile in area and 10 feet deep. 

A glance at Table II shows that a proportionate burden of pollution is not placed 
upon each division. The Lower Hast river receives much more sewage than any other 
division in comparison with its size. This will be true, also, in 1940, if nothing is done 
to prevent it. At that time over one-fourth of the total amount of sewage produced in 
the metropolitan district will be directly tributary to this stream. The increase which 
will go to this division from Brooklyn and Queens will be about half the quantity 
which was produced by Manhattan in 1910. 

Table III has been made from data contained in the report of this Commission, 
dated August, 1912. Of particular interest are the suspended organic and volatile 


matters. 
TABLE III 


ASSUMED COMPOSITION OF THE SEWAGE WHICH IS TRIBUTARY TO THE HARBOR ON THE 
BASIS OF 100 GALLONS PER CAPITA PER 24 Hours. THE QUANTITIES ARE EXPRESSED 
IN PARTS BY WEIGHT PER MILLION OF WATER. 








MPI OP SM og nts ccc dca tie knee ee a ola SOUT RLV APOR ORO: Od an cere Erna ciae Spl cnaceciatalerate abs | 150 
Oe OT a 500 INITTOGED tere eed al th RINE ATS ae 15 
Co | ER RC S00 Non-Nitrog@enous .25 f 6), cafe's voy sale oui ew ena. s 250 

Organic and Volatile Matters.................. 400 Fate sOCG, 2/07 nee Pn ya etd oe de ae Ss Fo - 60 
ye th SR al ie ga OOM EL OLA CAP DOIN: Ice ie Rita ote sirens erabie ate. act we ve 200 
Bae MRM IS Pe Serena «Bo ach sjayacerd 200 

















THE Four DIVISIONS oF NEw YORK AND THEIR MAIN CHARACTERISTICS 


Keeping in mind the considerations which have affected the separation of the terri- 
tory into divisions and remembering that sewerage systems must conform closely with 
natural drainage areas, the method adopted by this Commission for separating the ter- 
ritory into main sewerage divisions may be easily comprehended. The drainage areas 
included within the principal ridges or watersheds have been laid down on a map and 
these areas have been formed into four large groups, depending upon the part of the har- 
bor into which the drainage naturally discharged (see Frontispiece). Hereafter, these 
groups will be called by this Commission divisions and the separate drainage areas 
within them, for which a system of main drainage has been designed or considered as 
properly tributary to a single outlet, will be termed subdivisions. The four main sewer- 
age divisions will be designated according to the parts of the harbor to which they are 
tributary. As far as possible, the subdivisions will receive names which will sufficiently 


indicate their general location. In one of the divisions, the subdivisions are so 
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numerous and their locations so impossible to indicate by distinguishing names that 
numbers arranged in consecutive order will be used. 

The territory on Manhattan Island and in Brooklyn which naturally drains into 
the Lower East and Lower Hudson rivers and Upper New York bay constitutes the 
Lower East River, Hudson and Bay Division. 

The areas in the Boroughs of Queens and the Bronx which naturally drain into 
the Upper East river, and those parts of the Boroughs of Manhattan and the Bronx 
which naturally drain into the Harlem river constitute the Upper East River and 
Harlem Division. , 

The territory whose drainage flows or can readily be made to flow into Jamaica 
bay is called the Jamaica Bay Division. 

The territory in the Borough of Richmond, or, as it is more generally termed, 
Staten Island, constitutes the Richmond Division. 

These four divisions are markedly dissimilar in topography, density of popula- 
tion and in location with respect to the ocean and to large volumes of swiftly-running 
tidal water, yet the main drainage and sewage disposal problems are not greatly dis- 


similar. 
THE SELECTION OF CENTRAL POINTS FOR DISPOSAL 


Having tentatively settled upon the main divisions, the selection of the central 
points to which the sewage should be collected for treatment and disposal became a 
matter of principal importance. Upon the choice of these points depends not only the 
cost of collecting the sewage, but the method of treating it and the facility with which 
the effluent can be disposed of after treatment. 

It was considered by the Commission that as far as practicable, the collection 
point should be near the ocean or Long Island sound or close to deep tidal channels. 
Points of outlet for untreated sewage, if any sewage was to be discharged in crude 
condition, should never be situated in shallow, stagnant, land-locked or remote parts 
of the harbor. Favorable conditions for a prompt dispersion and digestion of the sew- 
age matters should be sought. Where facilities were lacking for the disposal of the 
sewage through dilution by large volumes of freely flowing tidal water, compensation 
for this lack should be made in the degree of treatment given to the sewage for the 
removal of its organic ingredients before the discharge. 

It was considered desirable to make the number of central points as small as prac- 
ticable in order to simplify the problem of administration and to facilitate the ulti- 
mate disposal of the sewage, due attention being given to the probability that pumping 
would have to be employed to some extent and to the fact that for purposes of econ- 
omy of operation the works should be as compact and concentrated as is consistent 
with due regard to the first cost. 

The exact degree of purification required for the sewage could not be stated when 
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this method of designing the works was decided upon, but it was the opinion of the 
Commission that elaborate processes and those which required much land, extensive 
apparatus, patents and untried or experimental features should be avoided as far as 
practicable. As between large first cost and low running expenses, or small first cost 
and high maintenance charges, the Commission favored the former as likely to lead 
to more satisfactory results, since the expenditure represented by the large investment 
would be made up chiefly of interest charges which could be reckoned with in a 
definite manner and so free from the uncertainties of such elements of expense as 
are involved where large quantities of supplies and labor are concerned. So far as 
methods of purifying the sewage are concerned, the object was to make good use of 
the absorptive capacity of the harbor waters and purify the sewage no more com- 
pletely than was necessary in order to satisfy a reasonable standard of cleanness. By 
good use is here meant such use as would do no material harm to the public health 
and welfare either through the production of disease or nuisance. To a large extent, 
screens, grit chambers and similar methods of so-called preliminary treatment should 
be employed. Only in exceptional cases would the utmost degree of purification be 
required. 


DEFINITENESS OF THE PLANS AND ESTIMATES 


In making the plans and estimates of cost of the main drainage works for the vari- 
ous divisions, it has not been practicable to arrange the final details. The exact loca- 
tions of the lines and their precise grades and sizes could not be fixed without making 
surveys and borings on an extensive scale. At the same time, it has been considered 
desirable that the Commission’s studies should be as definite as practicable and to this 
end an effort has been made to utilize the existing information concerning the topog- 
raphy, population to be served and other conditions. Investigations have consequently 
been undertaken and efforts made to obtain from the local sewer bureaus, topograph- 
ical bureaus and elsewhere such data as were available and the plans here proposed are 
largely based upon a consideration of the facts so obtained. 

The plans proposed in this report are to be regarded as the outcome of the Com- 
mission’s studies based on the outlook in the year 1914 for the municipal develop- 
ment of the region under consideration, on the standard of cleanness which seems 
necessary and sufficient at this time and on the existing state of the art of sewage 
disposal. All the work planned will not be needed in the immediate future, but it is 
regarded as essential that such main drainage works as are undertaken should con- 
form to these general plans and be made part of the comprehensive scheme. The pos- 
sibility that a more complete system of protecting the waters than that outlined here 
may be needed in the distant future has been kept in mind in preparing the plans. 
The works have been intended to be extensible in character: that part which should 
be undertaken immediately may be regarded as the beginning of a system which will 
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eventually be much more complete. As greater protection is needed, it can be secured 
by extending the works without undue sacrifice of any part of the completed structures. 

In designing the main drainage works, careful account has been taken of the char- 
acter and location of the existing sewers. Most of the sewers already constructed 
by the city were built to accommodate house, factory and storm water drainage. Where 
no sewers have been built or have been designed and a separate system seems more 
suitable, it will be assumed that a separate system will be constructed and provisions 
have been made in the plans for main drainage for the sewage to be collected in this 
way. 

In no instance has this Commission concerned itself with the design of the sewers 
which will now or in future run through the streets to collect the sewage directly 
from the houses. The design of such sewers and their maintenance is regarded as the 
proper work of the local sewer bureaus. The main drainage works may be contrasted 
with the local sewers as offering a proper outlet for the latter: The main sewers will 
take the sewage wherever the local systems have collected it. It is the function of 
the main drainage system to protect the waters into which the local sewers would 
ordinarily discharge and in doing so they must intercept the sewage and carry it to 
centrally located points where it may be properly disposed of. Most of the sewers 
which this Commission proposes are termed interceptors, since they will run along 
the shore line and intercept the sewage which otherwise would flow from the ‘local 
sewers to the water; in some cases the term collector will be used to designate a large 
sewer which will gather the sewage from inland areas and carry it to proper points 
for disposal. In a few cases inverted siphons will be required to convey the sewage 
across some arm of the harbor. The term force main is used to indicate a line through 
which the sewage is pumped and the term main sewer is used to indicate the line lead- 
ing from an important point of collection to the outlet. 

Table IV contains various unit prices used in the estimates. 


TABLE IV 
UNIT PRICES USED IN ESTIMATING Cost OF MAIN DRAINAGE WORKS 

Brick-Work, per cubie yard ic cas aad « 1%.) ce heen 6 tae ve eat aie a lea ee $14.00 
Cast Iron Pipe; per tons 325) 3 3 Aas ele cat ti att Ee ae 26.00 
Concrete—Plain, per cubie yard io. cca es chien ote oe Or Tre nef 8.00 to $10.00 

. Reinforced, per -eubie ‘yard 7.05 fis coe ee oe ee ee ee eee 10.00 “ 12.00 

z In Batiles; ete.; per eubic: yards. Gufs las ae es HE ee a ee 12.00 “ 15.00 
Dredging, per cubie yard 25). .2c05 «ot oo oe oo ctr oleae tate ee eee ee 49:5 25 
Excavation—Depending on Conditions. 
Fillmg behind. Bulkheads, per cubic yards. i. 2..,...00eh ee eens ta oieae ee .50 
Hauling, per tom ‘nile s303.52-04 Pass Farias 2s Lee Al et ce Ot nc eae ieee 1.00 
Lumber in Foundations, per Mb ai2 <)csak ce «eee oe hia ee eee «fo oe 30.00 to $35.00 
Piling, per lin. fo08:. 790). i oA ie Pa Fe ae eo tee he Sok oa ae ci, ane ae .30 
Repaving, per Square VATCs 67% ects 5 o.0 aise kpc wale ahs oo cgs weg od eee ees ce .50 to $ 2.00 
Rip Rap, per’ cubidtyard. 0.0 5s s a ave sie ete stad dco ence neki ea ed ee See Os he ee 
Steel for Reinforeing, per Wb. iin Pias-e bass pee Gates si cotioe aot Geet eee .02} 
Tunnel Excavation, per cubie yard. c.g ork veliaiow steeh Violeaia 2k teas eae oe ee 6.00 to $ 8.00 
Same when under air pressure, per cubic yard............. 0. ccc eee cece rec teen teenies 10.00 “ 12.00 
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A BRIEF DESCRIPTION OF THE FOUR DIVISIONS. 
Lower EAST RIvER, HUDSON AND BAY DIVISION. 


The greatest part of the most densely settled portion of New York City is in- 
cluded in the Lower East River, Hudson and Bay Division. This includes all of 
the Borough of Manhattan except that portion at the northeastern end which nat- 
urally drains into the Harlem river; all of the Borough of Brooklyn except that part 
which naturally drains into Jamaica bay, and the eastern end of Gravesend bay; and 
that part of the Borough of Queens which naturally drains into the East river south 
of Lawrence Point near Hell Gate. To the southeast lies the Jamaica Bay Division, 
to the northeast the Upper East River and Harlem Division and to the southwest the 
Richmond Division. 

Practically this whole division is now thoroughly sewered on the combined plan. 
Sewers discharge near the level of low tide and, except in the Borough of Manhattan, 
usually at the bulkhead or shore line. The sewers of Manhattan, for the most part, 
are carried out nearly to the outer ends of the piers which project perpendicularly 
from the shores at frequent intervals. There are about 200 sewer outlets in this divi- 
sion. Nearly all the extensive shore line is low and flat. The average tidal range is 
4.4 feet. 


The waters into which the crude sewage of this division is now discharged are 
those arms of the harbor from which the division takes its name. During the dry 
seasons of the year practically the same water circulates back and forth in the bay, 
Hast river and Hudson river, which together may be likened to the stem and arms of 
the capital letter Y. After continued heavy rains, the Hudson discharges a heavy 
flow of water from the land and this discharge of upland water produces effects which 
are visible in the Lower East river and Upper bay. This change comes on suddenly 
and causes the water to appear turbid and brownish in color. Normally the water is 
of an olive green hue and is slightly turbid. 

The Hudson river is a broad, deep waterway capable of accommodating large sea- 
going vessels. Upper New York bay, while deep in the main channels, contains exten- 
sive shoals on its east and west sides. The shallow flats on the west side underlie 
about one-third of the entire water surface and are covered with from 2 to 10 feet at 
low tide. The Lower East river is narrower and swifter than the Hudson, but of about 
the same depth. The East river is in reality a strait which joins Upper New York 
bay with Long Island sound. 

The construction of main drainage works in this division are difficult by reason 


of the large quantities of sewage to be dealt with, the slight elevation of the shores 


52 PLANS FOR THE PROTECTION OF THE HARBOR 


above tide water, the completeness with which the territory is built up, the large 
amount of vehicular traffic and the great extent to which structures have already been 


built beneath the surface of the ground. 


UprpER EAST RIVER AND HARLEM DIVISION. 


The Upper East River and Harlem Division includes nearly the whole of the 
Borough of the Bronx, that part of Manhattan Island which naturally drains to the 
Harlem river and that part of the Borough of Queens whose natural drainage flows 
to the East river east of Lawrence Point near Hell Gate. The topography and 
municipal development of this division is various in the extreme. The elevation of 
land in the western part of the Bronx is high, the Harlem river flowing for part of its 
way between steep banks. To the east, steep, narrow valleys run between parallel 
ridges in a northerly and southerly direction, the land gradually becoming more uni- 
form in contour eastwardly. The topography of that part of this division which lies 
in Queens is notable for its sloping land which is situated at a considerable elevation 
and for its extensive low-lying meadows opening into the East river. Both sides of the 
Upper East river are characterized by elevated promontories and deeply placed bays. 
A natural channel suitable for vessels of not more than 24 feet draft runs between the 
headlands throughout this part of the river. The rise and fall of tide in the Upper 
East river is comparatively great for the metropolitan territory, amounting to about 
7.5 feet at Whitestone. 

The Harlem river joins the Hudson with the East river and forms the northern 
boundary of Manhattan. It is narrow and shallow compared with the other main 
parts of the harbor, its present use being chiefly for light draft shipping. 

Municipal conditions vary widely in this division. There is an area of several 
square miles in the southwestern part of the Bronx which is almost as densely settled 
as any part of the City of New York. There are parts of Queens which possess every 
semblance of rural remoteness. Rural and semi-rural conditions exist in parts of 
this division. Isolated towns with large residence populations are growing and will 
doubtless ultimately converge, while new centers are constantly being established 
through the efforts of enterprising real estate operators. In 1910 the population of 
this division was about 1,103,000. By 1940 it is expected that the population will be 
2,400,000. 


JAMAICA BAY DIVISION. 


The Jamaica Bay Division faces the Atlantic ocean and is so situated that it is 
in little danger of being affected by the drainage of the rest of the city. This division 
is bounded by a ridge of land which begins at Bensonhurst, Gravesend bay, runs in a 
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general northeasterly direction to the eastern boundary of New York City and pro- 
ceeds beyond that boundary to a point just west of Roslyn, where it bends south and 
extends to Lynbrook and thence follows the height of land along the Rockaway penin- 
sula to the city line and the ocean. About 103 square miles are included in this divi- 
sion; of this, about 76 square miles are land and 27 square miles water or low-lying 
marshy islands. Jamaica bay is shallow except in its southwestern part, where a 
deep channel enters from the ocean and, dividing into numerous branches, flows among 
the islands. The refreshing action which the tide produces upon the bay is large, for 
the bay is so shallow that much of its water leaves it at each falling tide and is re- 
placed by water from the sea as the tide rises. The large water surface favors the 
absorption of oxygen from the atmosphere and the shallow depth helps a thorough 
mixture of the waters, two conditions which give the bay considerable advantage in 
the harmless and inoffensive assimilation of sewage matters. On the other hand, there 
are large areas of bottom exposed at low tide which would become offensive if pol- 
luted by sewage. In the extensive shallow parts of the bay there are dense growths 
of vegetable matter which, decomposing, sometimes make a considerable demand upon 
the dissolved oxygen in the water. Probably four-fifths of the bottom of Jamaica bay 
is covered with black mud in which vegetable and animal organisms in great variety 
exist. 

Clams, both the soft shell, Mya arenaria, and the hard shell, Venus mercenariam, 
grow luxuriantly and are taken from the waters in large numbers. Soft shell clams 
are in places taken under circumstances which lead to the opinion that they are fre- 
quently polluted. 

Oysters are planted extensively on the harbor bottom near the sides of the main 
channels in the southern part of the bay. The oysters grow well and command good 
prices in the market. Many are eaten raw, although the typical oysters originally cul- 
tivated in this vicinity, formerly known as Rockaways, were large and generally used 
for cooking. 

Fish do not enter Jamaica bay from the ocean except in small numbers and at 
certain seasons of year, although there is usually excellent fishing in the ocean a few 
miles outside of the inlet. A numerous fleet of small fishing boats with headquarters 
inside the bay is constantly engaged in ocean angling. 

Much of the territory in the Jamaica bay division is in a state of transition from 
open, rural country to built-up city conditions. Extensive sections along the 
southern shore possess the characteristics of a permanent development. 

It has been proposed by the City of New York and National Government to con- 


struct extensive engineering works to convert Jamaica bay into a safe and convenient 
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harbor for ocean-going vessels and if this is done, as now appears likely, the natural 
characteristics of the bay will, in large part, give place to deeper, straighter, wider 
channels, canals and bulkheaded shores. Sewage now enters the bay from a few large 
sewers on the northern and western shores and from many small outlets on the south. 
The large sewers are mostly connected with sewage disposal works designed to operate 
on the principle of chemical precipitation. These works are all inefficient and have 
repeatedly been criticised adversely by and for the Bureau of Sewers of the boroughs 


in which they are situated. 


RICHMOND DIVISION. 


The Richmond Division includes the whole of Staten Island. It has an area of 
about 57 square miles, of which about one-sixth is marsh land. 

Staten Island is, in part, rough, high and hilly and, in part, low-lying and flat. 
The high parts of the island lie along a broad ridge which extends in a northeasterly 
direction at a distance of from two to four miles from the shores of Lower New York 
bay. 

The waters of Lower New York bay are shallow for a long distance seaward from 
the Staten Island shore. On this account and for the reason that the shore is com- 
paratively inaccessible by land transportation and because of the exposure of this part 
of the island to the open sea, it seems likely that the commercial development of this 
water front will long remain dormant. The south shore is now occupied largely by 
summer residents and by permanent settlers who live in small villages near the foot 
of the hills. There are several extensively patronized bathing beaches on the south 
shore of Staten Island. The west side of the island, bordered by the Arthur Kill, has 
been developed to some extent for manufacturing. : 

The principal residence and business parts of the Richmond Division lie at the 
north end of the island. Here numerous large towns are situated, each fronting on 
Upper New York bay or the Kill van Kull and bordered on the other sides by other 
towns or the open country. The business done is chiefly manufacturing and maritime 
and is carried on close to the water’s edge. In the year 1910 the population was about 
90,000. The towns of Staten Island are partly sewered. There are about 30 main out- 


lets from which the sewage is discharged without treatment. 


CHAPTER III 
THE UPPER EAST RIVER AND HARLEM DIVISION 


TOPOGRAPHICAL FEATURES OF THE DIVISION 


The Harlem river and the Upper East river determine the principal topographical 
features of this division. The Harlem river runs through a narrow valley with shores 
which are in part densely populated, or are certain to become so at no distant day. 
The shores of the Harlem are nearly parallel, the stream resembling, in some respects, 
and being actually in part, a canal. The water is already so overburdened with sewage 
that no system of diffusion or other partial remedy is capable of sufficiently improving 
it. There is not room on the drainage area of the Harlem for purification works capable 
of sufficiently improving the sewage to permit of its discharge into these waters, and 
consequently the sewage must be taken elsewhere. 

The shore lines on both sides of the Upper East river are markedly irregular; the 
water surface being characterized by a series of large, shallow bays along the whole 
length, separated by long, narrow points of land. 

The water in the main channel which flows through the Upper East river is not 
now overburdened with sewage, nor is it likely soon to become so. It has a large 
capacity for assimilating sewage, provided the sewage is properly treated and then dis- 
charged directly at the bottom of the tidal stream. 

The parts of this territory which present difficulties to main drainage are chiefly 
flat, low-lying valleys which extend long distances inland from the shallow bays of the 
river. 

Except in the closely built-up part of this division, which is, or will be, tributary 
to the Harlem river, the population in the territory included in this report is chiefly of 
a semi-rural residential character, located in numerous growing villages not largely 
devoted to manufacturing. The future of this division seems to lie in its more com- 
plete occupation for residential purposes. The configuration of the shore, the shal- 
lowness of the water, except in the main channels, and the distance from the metropol- 
itan centers of eommercial activity are opposed to the extensive development of this 
section for the uses of manufacturing and transportation. 

Bathing beaches, camps and other provisions for recreation at moderate expense 
during the summer months are now more or less numerous and seem destined to in- 
crease in popularity unless the pollution of the harbor water should become so great 


as to be too objectionable. 


56 PLANS FOR THE PROTECTION OF THE HARBOR 


Formerly shell-fish of excellent quality were gathered in large number in the 
Upper East river, and even at the present time hard-shelled clams are dredged near 
where the river joins Long Island Sound. Except for small boats, yachting, which 
was, and is, enjoyed by many persons in the Upper East river, has for the most part 


sought Long Island Sound for the clearer water, lesser tidal currents and greater 


freedom from traffic which there prevail. 


SEPARATION OF THE DIVISION INTO FIVE PARTS FOR MAIN DRAINAGE PURPOSES 


To facilitate the sewerage and drainage of the Upper East river and Harlem divi- 
sion the entire territory has been separated in this report into five subdivisions. 

In each subdivision the sewage is to be collected to a central point for treatment 
and discharge. The boundaries of the five subdivisions follow: 

1. The Harlem Subdivision comprises the land in the Borough of Manhattan, 
north of 82d street, naturally draining to the Harlem river, and that part of the Bor- 
ough of the Bronx lying west of the Bronx river, except a narrow strip draining to 
the Hudson river. 

2. The Eastern Bronz Subdivision comprises that part of the Borough of the 
Bronx which lies east of the Bronx river. Westchester, Unionport and Van Nest are 


situated within this area. 

3. The Northwestern Queens Subdivision comprises the northwestern part of the 
Borough of Queens, draining mostly to Bowery bay and to the westerly shore of Flush- 
ing bay, and includes North Beach, Woodside, Steinway and a part of Corona. 

4. The Corona-Flushing Subdivision comprises that portion of the Borough of 
Queens tributary to the East river, which extends from the southeastern boundary of 
subdivision 3 southerly to the main divide of Long Island and easterly to a line run- 
ning through Whitestone and Ingleside. Most of this area lies in the Flushing creek 
drainage basin. Winfield, Elmhurst, Corona, Flushing and College Point and parts 
of Whitestone are situated within its limits. 

d. The Northeastern Queens Subdivision comprises that part of the Borough of 
Queens, tributary to the East river and Little Neck bay, which lies east of the limits of 
Subdivision 4. Douglaston, Bayside and the greater part of Whitestone are included 


in this area. 


POINTS FOR CONCENTRATION AND DISCHARGE OF THE SEWAGE 


The sewage will be collected to as many points as there are subdivisions. 
The sewage of the Harlem subdivision is to be carried to Wards Island, where it is 
to be treated and the effluent discharged into the swift currents of Hell Gate. 
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The sewage of the Eastern Bronx subdivision will be collected near Clason Point, 
where, after treatment, it will be discharged into the deep water of the Upper East 
river. 

The sewage of the Northwestern Queens subdivision will be carried to a point in 
the neighborhood of Hell Gate and there discharged. 

The sewage of the Corona-Flushing subdivision will be brought to Tallman Island, 
where treatment works can be located. The sewage will be discharged into the East 
river under conditions favorable for diffusion. 

The sewage of the Northeastern Queens subdivision will be carried to Cryders 
Point, just west of Little bay and opposite Throgs Neck. There the sewage can be 
discharged into deep water at the extreme east end of the East river. 


METHODS OF TREATMENT 


The methods of treatment proposed have all been found to give good results else- 
where. They are among the least offensive and most economical methods and are capa- 
ble of producing effluents which, under suitable conditions, may safely be discharged 
into the harbor. (See Part IV, Chapter II, “Sewage Disposal,” page 421.) 

With increasing populations, it is probable that the time will arrive when a more 
thorough treatment will be desirable and this contingency has been borne in mind in 
the preparation of the plans proposed. The rate of development of the several subdi- 
visions cannot be predicted with certainty, but if the plans submitted are carried out 
they will afford all the protection the harbor will require for the next fifty years and 
can thereafter be adapted to such changed conditions as may occur without material 
alteration. ; 

Methods of Treatment Proposed. After a careful study of the question of the 
form of treatment required for the sewage of the Upper East river and Harlem divi- 
sion, due regard being had to the needs of each of the five outlets, the conclusion has 
been reached that fine screening or coarse screening and sedimentation will, for some 
years, give an effluent of satisfactory character for discharge into the water of the 
Kast river. 

Where sedimentation tanks are to be used, coarse screens will be employed to pro- 
tect the pumping machinery and to keep large floating matters from causing trouble 
in the tanks and from passing out through the outfall. 

In all cases grit chambers will be placed on the lines of the main trunk sewers at 
or near the treatment works. In these chambers the sewage will be given a settling 
period of from one to two minutes, the velocity being reduced sufficiently to allow the 
heavy mineral detritus borne by the sewage to be deposited, but not enough to permit 


much organic matter to settle. 
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The grit chambers will afford protection to the pumps and will keep the proposed 
long and deep outfall pipes clear of gritty deposits wherever sedimentation tanks are 
not used. Where sedimentation tanks are planned, the grit chambers will first rid 
the sewage of suspended matter of a kind which would cause trouble and be difficult to 
handle if allowed to settle in the tanks. Grit chambers are especially useful where 
combined sewers are intercepted or form a part of the collecting system, as will largely 
be the case with the main drainage systems as here proposed for New York City. 

The treatment works at Wards Island, Clason Point and Tallman Island, for the 
Harlem, Eastern Bronx and Corona-Flushing subdivisions, respectively, should consist 
of grit chambers, coarse screens and settling tanks. Fine screens and grit chambers at 
the foot of Winthrop avenue, Long Island City, will suffice for the treatment of the 
sewage for the Northwestern Queens subdivision; the sewage from the Northeastern 
Queens subdivision should be passed through grit chambers and fine screens at Cryders 


Point, Beechurst. 


If it were deemed necessary to purify the sewage from the Harlem subdivision 
to a greater extent than would be done by sedimentation or chemical precipitation, it 
is doubtful if its further purification could be undertaken either at Wards Island or 
at any other place in the vicinity. The area of land required for percolating filters, to 
treat the large volume of sewage which is to be brought to Wards Island, would re- 
quire more land than is available, and the odors which might be produced by their use 
would be objectionable in this location. Contact beds might be employed with less 
objection, but it is doubtful if sufficient suitable land would be available for this pur- 
pose after a few decades. 


The amount of sewage to be discharged from Queens into the East river at Win- 
throp avenue, although large in the distant future, will, for many years, be consider- 
ably less than the quantity brought to Tallman Island. It will never be more than a 
small proportion of the amount to be discharged into the river from the Wards 
Island sedimentation plant, only a few hundred feet distant from Winthrop avenue. 
In view of this fact screening is the only form of treatment deemed necessary for the 
sewage of the Northwestern Queens subdivision. If a more thorough treatment be 
needed in the future, when the volume of sewage becomes greater, it will be possible 
to carry the sewage by means of a tunnel under the East river to the disposal works 
at Wards Island; or the necessary land for a pumping station and settling tanks may 
be procured in the Borough of Queens. 

The amount of sewage to be discharged at Cryders Point probably will always be 
comparatively small and the opportunity for its diffusion and digestion in the waters 
of the East river is favorable; therefore screening is the only treatment required for 
the sewage of the Northeastern Queens subdivision. 
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Harlem Subdivision. After considering many projects for the collection and dis- 
posal of the sewage of this subdivision it becomes evident that it would be uneconom- 
ical to take the sewage further from Hell Gate, provided a suitable site for treatment 
works could be found in that vicinity. 

For a time it seemed likely that Rikers Island might offer every necessary facil- 
ity for the disposal of the sewage, not only of the Harlem, but of most of the other 
subdivisions. The area of Rikers Island is large enough for any works which might 
be needed, the situation is remote from inhabited shores and the island, as yet but little 


occupied, already belongs to the City. 


Upon investigation Rikers Island was found to be unsuitable as a site for sewage 
disposal works. Composed of uncompacted refuse from New York City, the stability 
of the island is too uncertain to warrant the construction of the extensive engineering 
works required, and large sums of money would have to be spent for grading in order 
to save the excessive cost of pumping the large volume of sewage to the present level 
of the island. 

The island known as Sunken Meadow was examined, but was found to require 


too much improvement to warrant its use as a location for sewage disposal works. 


A better and a more satisfactory location for the works required lies at the north- 
east corner of Wards Island. This island is more favorably located than Rikers Island 
_in respect to the economical collection of the sewage, and the land at the proposed site is 
low, firm and of sufficient extent for such works as will be required. The island belongs 
to the City of New York and is partly occupied by public institutions. No injury 
would be done by employing the corner selected for treatment works. Deep water lies 
close to the island; the shore is smooth and the currents are swift. The opportunities 
for an immediate diffusion of the sewage in the water are perhaps better at this place 
than at any other point in the whole metropolitan district, owing to the mixing action 
of the currents. (See Fig. 1.) 


Eastern Bronx Subdivision. Two large areas of marsh land, southwest and south- 
east of Unionport, were at first considered as sites for sewage disposal works, each 
being of ample size, but both situated far from deep water. A more favorable site for 
the location of such disposal works as will be needed for this subdivision exists near 
Clason Point, where the ground is low and firm, and the deep and swift currents of 
the main channel of the Upper East river pass near the shore. A- large part of the 
sewage from this subdivision will be brought to Clason Point by the drainage system 


now under construction, and the remainder can be collected at low cost. 
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Northwestern Queens Subdivision. Most of the land in the Northwestern Queens 
subdivision drains naturally to Flushing and Bowery bays, but owing to the shallow 
water and absence of currents capable of mixing with the sewage and carrying it away, 
there is no point in either bay where large quantities of treated sewage should be dis- 
charged. The nearest suitable point for the discharge of the sewage, after the removal 
of the suspended matter, is Hell Gate, near the foot of Winthrop avenue, and directly 
opposite the proposed Wards Island treatment works. The volume of sewage to reach 
this place probably will be small for many years, and such land as is needed for the 


simple treatment required can be procured without great difficulty or expense. 


Corona-Flushing Subdivision. A large proportion of the sewage of the Corona- 
Flushing subdivision can easily be concentrated near the mouth of Flushing creek 
and the rest can be collected by a sewer running from that point to Tallman Island, 
where treatment works should be located. 

Tallman Island is the nearest point to the mouth of Flushing creek at which treat- 
ment works, of a kind requiring the discharge of the effluent into deep water and swift 
currents, can satisfactorily be placed. Both land and water conditions are suitable 
at this point for the location of disposal works and the discharge of the effluent. The 
site is practically devoid of improvement and little or no injury will be caused to 
future development by such works as are proposed. Deep water exists at a short dis- 
tance from shore, and the volume and character of water flowing past this point are 
favorable for the digestion of a large quantity of sewage. 

The comparative ease with which the sewage from that part of the Flushing creek 
subdivision which lies west of the creek can be united with that from the neighbor- 
hood of Flushing and brought to Tallman Island, makes it desirable that such disposi- 
tion of the sewage should be made. The sewage should not be carried to Hell Gate, for 
this would be more expensive and increase the burden which the water of the East 


river has to bear near the densely populated districts of the city. 


Northeastern Queens Subdivision. The only practicable place for the discharge 
of the sewage of the Northeastern Queens subdivision, unless intensive treatment be 
employed, is the East river, between Whitestone Point and Cryders Point. The latter 
is the more suitable place both for the collection and the discharge of the sewage.. The 
East river offers better opportunities for the reception of sewage off Cryders Point 
than it offers at Tallman Island or Clason Point. As the amount of sewage will 
probably be comparatively small, for at least a great many years, and the conditions 
for the digestion of the discharged sewage by the water are favorable, fine screening is 


the only treatment deemed necessary at this point. There should be no objection 
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to the presence of a screening plant, provided the appearance of the building conforms 
with the surrounding development. 

Instead of carrying the sewage of Bayside and Douglaston to Cryders Point, as 
is here proposed, it is possible to treat it on percolating filters which can be built on 
the marshes near Alley creek, but as these might be objectionable to the residents of 


the neighborhood, the plan is not considered advisable. 


OUTLETS 


Location and Depth. The sewage will be discharged in every case at a distance 
from the shore, the position of the outfall depending upon the nearest point at which 
water of suitable depth can be found. It is proposed always to have the sewage dis- 
charged at depths of from 30 to 50 feet, and in such manner as to give a favorable 
opportunity for its admixture with the water of the river. In order to facilitate dif- 
fusion, it will be desirable to discharge the sewage from each point at more than one 


outlet. 
SYSTEMS OF MAIN DRAINAGE 


Character of Sewers Proposed. The main collecting and intercepting sewers, as 
planned by the Commission for the Harlem, Eastern Bronx and Northwestern Queens 
subdivisions, will carry only the dry-weather flow of the contributing combined sewers, 
already built or to be built, in these districts. They are not designed to carry any por- 
tion of the storm flow. Overflows from these main dry-weather sewers will allow the 
storm-water to pass directly to the watercourses. The Commission does not believe 
that, in this district at least, the advantage gained by the treatment of the storm- 
water, at the works proposed, would warrant the extra expense involved in that pro- 
cedure. 

The main collecting and intercepting sewers, planned by the Commission for the 
Corona-Flushing and Northeastern Queens subdivisions, will carry only house sewage. 
In these areas it is especially desirable that all new sewers be built on the separate sys- 
tem. Throughout this territory few sewers of any kind have as yet been built. Prac- 
tically the only combined sewers are in the villages of Flushing, Ingleside, College 
Point and Whitestone. The Commission’s plans and estimates for main drainage 
systems in those two subdivisions have been made so as to utilize the existing sewers 
as far as practicable, and on the assumption that the dry-weather flow from the exist- 
ing combined sewers would be intercepted, but that all sewers hereafter built tribu- 


tary to these systems would carry only house sewage. 
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Relatwe Merits of Separate and Combined Sewers. Although this Commission is 
aware that the Board of Estimate and Apportionment of the City has approved pre- 
liminary drainage plans prepared by the Sewer Bureau of Queens Borough for a 
large portion of the Corona-Flushing subdivision, and that these plans call for com- 
bined sewers, except in the low lands where the street grades to be established make 
combined sewers impracticable, discharging into Bowery bay all the sewage originat- 
ing west of Flushing creek, the Commission believes it to be desirable to provide more 


protection than these plans afford for keeping the waters free from sewage. 


In the judgment of the Commission, the character of the territory and of the neigh- 
boring waters make separate, instead of combined, sewers generally advisable for the 
Corona-Flushing and Northeastern Queens subdivisions. Although the growth of popu- 
lation in many parts of this large area has been rapid, and with the extension and 
betterment of transit facilities is likely to be still more rapid in future, the total pop- 
ulation at present is relatively small, and most of it is gathered into a number of more 
or less isolated residential communities. Large areas of unoccupied land exist. Not- 
withstanding the probable increase in population, the several communities may be 
expected to preserve their separate identities for many years. In these villages there 
probably will be only comparatively few parts which, in the near future, will support 
a dense population. Only small portions of the territory will need complete systems 
of drains for the removal of storm water. If the house sewage is removed by means 
of separate sewers, these can be of small size in comparison with those that would be 
necessary in case storm water were also to be provided for in the same system, where- 
_as the surface water may, in many cases, be discharged into near-by watercourses, such 
as Flushing creek, without harmful consequences. Separate sewers can thus be made 
to save for the present the cost of constructing the large and long storm-water drains 
that will be necessary when the land around these creeks is fully developed. The con- 
struction of some of these long main drains can be undertaken gradually, as the need 


for them becomes evident through the development of the territory. 


Practically all the unsewered communities in the Corona-Flushing subdivision are 
in need of sewers for the removal of household wastes. But if the house sewage from 
these comparatively small and isolated centers of population were to be collected and 
carried away in combined sewers large enough to take care of the storm-water drainage 
of the districts when they shall have become densely built up in the future, not only 
will the present per capita cost of construction be unnecessarily high, but also the 
small dry-weather flow in the large sewers will cause deposits to form on their bot- 
toms, give rise to septic conditions and make a high cost for maintenance. 


It would be inadvisable to recommend the installation of separate sewers in the 
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Harlem subdivision, as the population is practically all served at present by combined 
sewers, and future extensions of the same character have been planned to such an ex- 
tent as to make a recommendation to this effect unwise. 

In the Eastern Bronx subdivision, also, the installation of separate sewers would 
not be warranted, as much of the drainage system is already under construction, and 
comparatively little additional work is necessary in order to bring all the sewage of 
the district to Clason Point. 

Although the separate system would be well adapted to such a development of the 
land as may be expected in the Northwestern Queens subdivision for many years, and 
would also serve better to protect Bowery bay from pollution during periods of storm, 
certain considerations make the separate system inadvisable in this territory. The 
treatment which is projected for the sewage in the near future is passage through grit 
chambers and screens. At some future time many parts of this territory are likely to 
be occupied by a rather dense population. Moreover, preliminary plans, contempla- 
ting the installation of combined sewers, have already been made by the Bureau of 
Sewers of the Borough of Queens and approved by the Board of Estimate and Appor- 
tionment. 

Collecting Sewers for the Harlem Subdivision. The sewage of the Harlem subdi- 
vision will be collected at Wards Island by ‘means of intercepting sewers which will 
follow both banks of the Harlem river and the north shore of the Upper East river west 


of the Bronx river, and connect with Wards Island by means of tunnels. 


The sewage of that portion of Manhattan which drains to the Harlem river be- 
tween 82d street and 162d street will be collected at a point in Thomas Jefferson Park 
just south of the corner of Pleasant avenue and 114th street. The south intercepting 
sewer will run from 86th street and East End avenue northerly to its junction with 
the north intercepting sewer in Thomas Jefferson Park. In this park, near the water- 
front, the sewage from both of the interceptors will be passed through grit chambers 
and coarse screens, and will then be carried to Wards Island by means of a deep tun- 


nel bored through solid rock. 


The sewage of all that portion of the Bronx which drains to the Harlem river and 
the Bronx Kills will be collected by an intercepting sewer starting at 192d street and 
following as closely as practicable the easterly shore of the Harlem river at the corner 
of 132d street and Willow avenue. The dry-weather flow from Marble Hill and the ter- 
ritory around Spuyten Duyvil will be brought by gravity into the existing Broadway 
sewer, while that from the low land west of Kingsbridge will have to be pumped into 
the same sewer, which is to be intercepted at 192d street. 


THE UPPER EAST RIVER AND HARLEM DIVISION 65 


The intercepting sewer along the Bronx shore of the Harlem river will receive also 
the dry-weather flow from those areas in Manhattan north of 162d street which drain 
to the Harlem river, with the exception of the sewage from a small district at the ex- 
treme northern end of the island which can be better served by having its dry-weather 
flow pumped into a sewer at the corner of Seaman avenue and Hawthorne street, from 
which it would find its final outlet in the Hudson river at the foot of Dyckman street. 
The sewage which is to be carried from Manhattan to the Bronx interceptor will be col- 
lected at 172d street and 201st street by short intercepting sewers, passed through grit 
chambers and coarse screens and siphoned under the Harlem river. 

That portion of the Bronx west of the Bronx river which drains to the Upper 
East river will have its dry-weather sewage flow collected by an intercepting sewer 
running from the vicinity of the Farragut street sewer outlet at Hunts Point to the 
corner of 132d street and Willow avenue. 

At 132d street and Willow avenue the sewage from the two Bronx intercepting 
sewers will be passed through grit chambers and coarse screens and then carried to 
Wards Island by means of two deep tunnels of the same character as the one bring- 
ing the sewage from Manhattan to that place. It will be necessary to build only one 


of these tunnels in the near future. 


As most of the area included in the Harlem subdivision is either closely built up 
or is rapidly increasing in population, the collecting sewers have been designed by 
the Commission to take care of the dry-weather flow that may ultimately be expected. 
The topography and other conditions are such as to make adequate relief sewers ex- 
pensive and difficult to construct. 

Allowance in the estimates has been made for placing automatic regulators at the 
points in connection with the combined sewers, so as to control the flow into the inter- 
ceptor from each sewer during period of storm. Allowance has also been made for the 
cost of such lateral sewers as will be necessary to bring to the main intercepting sewers 
the dry-weather flow from the outlets of the combined sewers. Most of the combined 
sewers are at such elevations that tide-gates will be required so as to prevent harbor 
water from entering the intercepting sewers; and tide-gates have been taken into ac- 
count in estimating the cost of the project. 

A pumping station will be located on Wards Island for the purpose of pumping 
all the sewage of the Harlem subdivision into the treatment tanks to be installed there. 
Final discharge of the clarified sewage will be through tunnels outletting into the East 


river opposite Wards Island. 
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Collecting Sewers for the Eastern Bronx Subdivision. The sewage from a large 
portion of the Eastern Bronx subdivision will be collected at Clason Point by a system 
of combined sewers now under construction. These combined sewers will be provided 
with storm-water overflows at various points along the Bronx river and Westchester 


creek. 


In accordance with plans outlined by the Bronx Bureau of Sewers, another por- 
tion of this subdivision, lying east of Westchester creek, will be drained by a trunk 
sewer outletting at Old Ferry Point; and the sewage of the remainder of the district, 
which drains to Eastchester bay, will be carried to an outlet on the south side of 
Throgs Neck. 


A short intercepting sewer and a pumping station will be all that is required to 
’ transfer the dry-weather flow from the Old Ferry Point sewer to the sewer which is 
to discharge at Clason Point. Ata later period another intercepting sewer could be 
constructed along the waterfront from the pumping station to a point near Throgs 
Neck, in order to intercept the dry-weather flow from the district draining to East- 
chester bay. The cost of this sewer has not been included in the estimates, as it will 
not be necessary in the near future at least. 

The sewage thus collected at Clason Point, after passing through grit chambers 
and coarse screens, will be pumped to treatment works located at that place, and the 
effluent discharged through submerged outlets into the East river. 

The sewage of the district draining to Eastchester bay will be discharged 
untreated into deep water in the East river close to the junction of the Kast river with 
Long Island Sound. If at some future time it is thought advisable to discontinue the 
discharge of raw sewage at this point, a connection can be made with the pumping sta- 
tion at Westchester creek, as previously mentioned; or treatment works can be in- 


stalled in the vicinity of the outlet. 


Collecting Sewers for the Northwestern Queens Subdivision. The dry-weather 
flow from the Northwestern Queens subdivision will be brought to the East river at the 
foot of Winthrop avenue, Long Island City, by means of an intercepting sewer start- 
ing on Ditmars avenue north of Astoria avenue, Corona, and running along the shores 
of Flushing bay and Bowery bay, passing thence through Steinway to its final outlet. 
The sewage will be passed through grit chambers and fine screens before being dis- 
charged. | 

With the street grades as now established, all the sewage of this area, with the ex- 
ception of that from several small districts along the waterfront, can be discharged 


into the East river by gravity. When these districts are developed, several small 
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automatic pumping stations can be installed to pump the sewage into the main inter- 
cepting sewer. In order that the dry-weather flow from two large interior districts 
may be brought by gravity into the main interceptor, long dry-weather cut-off sewers 
will have to be constructed to intercept, at a considerable distance from the water- 
front, the combined trunk sewers which are proposed for the drainage of these dis- 
tricts. The topography is such that these cut-off sewers can intercept the dry-weather 
flow from the combined lateral sewers which will connect with the main trunk sewers 


below the points from which the cut-off sewers start. 


Preliminary drainage plans covering this territory have been prepared by the 
Queens Borough Bureau of Sewers and approved by the Board of Estimate and Ap- 
portionment. The plan proposed by the Commission interferes but little with any of 
the combined sewers proposed by the Bureau, except the main sewer along the water- 
front, and affords a more favorable point for the discharge of the dry-weather flow. 
The storm water will be discharged directly into Flushing and Bowery bays. The 
main intercepting sewers along the shores of these two bays, as proposed by the Bureau 
of Sewers, becomes unnecessary. Steps have been taken by the Bureau of Sewers to 
build this sewer for the present only to a point on the southwesterly shore of Flushing 
bay, south of the outlet from Jackson Mill pond. This sewer will continue to dispose 
of the storm water from the areas draining to the southwesterly shore of Flushing 
bay, while the dry-weather flow from the laterals discharging into it would be inter- 
cepted by the sewer proposed by this Commission. 

No satisfactory method of relieving the intercepting sewer for the Northwestern 
Queens subdivision, at a reasonable cost, is apparent, and therefore this sewer has 
been designed by this Commission to have sufficient capacity to provide for a dry- 


weather flow which is not likely to be exceeded for a great many years. 


Collecting Sewers for the Corona-Flushing Subdivision. The house sewage from 
practically the whole Corona-Flushing subdivision will be brought to Tallman Island 
by a main trunk sewer which will start in Winfield and run through Elmhurst and 
across the marshes, south and east of Corona, to Flushing creek. The sewer will pass 
under the creek by means of a siphon and will follow its easterly bank through Flush- 
ing. From this point the sewer will cross the marsh to College Point and continue to 


Tallman Island. 


The sewage from the tributary areas will be brought to the main sewer by many 
trunk and lateral sewers. One of the more important of these branch sewers will 
start near Forest Park and join the main trunk sewer on the meadows not far from 


Strongs Causeway. Another, joining the main sewer just after it crosses Flushing 
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creek, will drain the Mill creek valley and provide a much-needed outlet for the dry- 
weather flow from the existing Ingleside trunk sewer. Still another sewer, with sev- 
eral main branches, will drain that part of Corona which lies north of the Long 
Island Railroad and, after passing under Flushing creek as a siphon, will join the main 
sewer at the corner of Broadway and Lawrence street, Flushing. 

Most of College Point will be drained by two trunk sewers, one of which will 
tunnel through the hill from the foot of Fifth avenue, while the course of the other 
will be along the shore, serving the westerly and northerly portions of College Point. 

After considerable study, it has been found feasible, with the street grades as 
established, and with the main sewer at reasonable depth, to collect practically all the 
sewage to Tallman Island without pumping. Some of the low land near the head of 
Flushing creek is so far from the main trunk sewer that its sewage will have to be 
pumped to that sewer. 

At Tallman Island the sewage, after passing through grit chambers and coarse 
screens, will be pumped into the treatment tanks to be installed there. The clarified 
effluent will be discharged into the East river through submerged outlets at a consider- 
able distance from shore. 

Favorable conditions exist for the future relief of the main trunk sewer in this sub- 
division. This is fortunate, as the territory is very large, the main sewer long and the 
present population scattered and comparatively small. The trunk sewers which will 
join the main sewers, and the main sewer itself west of Elmhurst, have been designed 
to serve populations which are not likely to be exceeded for many years. 

A future relief sewer is designed to start on the Queens boulevard at Caldwell 
avenue, southeast of Elmhurst, and run in an easterly direction, relieving the main 
trunk sewer of practically all the sewage which will flow into it from the south between 
Caldwell avenue and Mill creek. This relief sewer will cross Flushing creek near 
Strongs Causeway and enter a pumping station to be built near the confluence of Mill 
and Flushing creeks. The Mill creek valley sewer will also be diverted so as to enter 
the station. 

From the pumping station near the junction of Mill and Flushing creeks, the 
sewage will be lifted into a high-level relief sewer, which will flow through Flushing 
and follow the high land west of Whitestone to the treatment works at Tallman Island. 
This future high-level intercepting sewer will be continued, above its junction with the 
force main from the pumping station just mentioned, in a southerly and easterly di- 
rection through Flushing, Ingleside and Flushing Heights. The sewage from the high 
land between the Mill creek valley and Cedar Grove Cemetery may be collected and 
siphoned across the lower end of this valley into the high-level sewer in Flushing. 
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The high-level relief sewers, just described, will deliver by gravity to the treat- 
ment works the sewage from practically all the high land of the Corona-Flushing sub- 
division which lies east of Flushing creek. 

The original main trunk sewer from Winfield to Tallman Island will be of sufficient 
size to carry the sewage which, for many years, may be expected to originate within the 
territory which will not be served in the future by the relief sewers, as described. It 
will be large enough, moreover, to carry the sewage from the whole Corona-Flushing 
subdivision for a long time. 

Collecting Sewers for the Northeastern Queens Subdivision. The sewage from 
the Northeastern Queens subdivision will be carried to Cryders Point by two main in- 
tercepting sewers. One of these, the Whitestone interceptor, will start near the 
waterfront west of Whitestone Point and run along the Whitestone shore and through 
Beechurst to Cryders Point. Near Whitestone Landing a trunk sewer, draining a 
large inland district between Whitestone and Ingleside, will join the intercepting 
sewer. 

The other main intercepting sewer will extend along the shores of Little bay and 
Little Neck bay, from Cryders Point to a point in Bayside just north of Oakland Lake. 
At this place a trunk sewer will extend to the west, draining the large district between 
Ingleside and Bayside. At Broadway, in Bayside, the sewage from Douglaston, Little 
Neck, and the low land lying between Bayside and Douglaston, will be received into 
the main intercepting sewer through a force main which will run from an automatic, 
electrically-operated pumping station near Alley creek. To this pumping station the 
sewage from Douglaston and Little Neck will be brought by an intercepting sewer 
starting east of Douglas Manor and following closely the shore of Little Neck bay to 
the pumping station. 

Practically all the sewage of the Northeastern Queens subdivision, with the excep- 
tion of that from Douglaston, Little Neck, and the low lands around Alley creek, can be 
brought to Cryders Point, and there passed through screens and discharged into deep 
water by gravity. The sewage from a very small area near Whitestone Landing, and 
from several low-lying districts along the shore of Little bay and Little Neck bay, will 
have to be pumped into the high-level sewers when the population on these areas be- 
comes large enough to require sewerage facilities. Also, a small marshy district near 
the city boundary, east of Douglas Manor, cannot be drained into the Douglaston inter- 
cepting sewer. These small districts will be served by inexpensive automatic pumping 
stations. 

All the trunk and intercepting sewers of this subdivision, excepting the lower end 


of the intercepting sewer from Bayside to Cryders Point, have been designed to serve 
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a population which is not likely to be exceeded for many years. 
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From Shore avenue 


northward it is proposed to relieve this sewer by a parallel sewer running to Cryders 


Point, but such a relief sewer will not be necessary for a long period. 


AREAS, POPULATIONS AND QUANTITIES OF SEWAGE 


The following table gives, for the several subdivisions, the areas, the estimated 


population and average dry-weather sewage flow upon which the design of the sewers 


was based, and the capacities of treatment works which the Commission has used as a 
basis for estimating the cost of the projects proposed for the Upper East river and 


Harlem division: 


TABLE V 


AREAS, POPULATIONS AND QUANTITIES OF SEWAGE 


Average Canad 
pacity of 
Population Dry-weather Treatment 
Flow of Works on 
- Area Sewage, Med.* e 
wipe (Without 
Subdivision Parks, 
etc.), ; Which Which | Which 
Acres In 1910, | In 1940 Sewers Sewers | estimate 
from U. S.|_ (Esti- are In 1910 | In 1940 | are De- | is based, 
Census mated) | Designed signed Mgd.* 
to serve to carry 
Harlem..icccte eee 12,100 | 995,300 | 2,105,800 | 2,888,000 124.4 302.2 404.6 200 
Eastern Bronx............ 10,600 30,300 3;GO0 S| ee ee 3.8 1258> | Shee 20 . 
Northwestern Queens...... 3,100 10,000 28,500 253,000 0.5 5.0 34.0 15 
Corona-Flushing.......... 16,300 | 62,200 | 179,800 | 282,400 4.0 27.5 39.0 40 
Northeastern Queens...... 5,900 8,000 22,900 62,800 0.3 4.5 9.6 10 
Totale:. cece 48,500 | 1,106,800 | 2,410,600 }.......... 133.0 362,.0-.1 5 nee 285 


* Million gallons per 24 hours. 


PRELIMINARY ESTIMATES OF COST OF MAIN DRAINAGE WORKS 


The following table gives a summary of the estimated cost of construction and of 
the annual charges for maintenance and operation for the works suggested in this 


report. The costs of land and rights of way are not included. 


TABLE VI 


ESTIMATES OF Cost 








Subdivision Including 

Engineering 

Harber... oi. ose sod o'o a 0 0atdgrelnusta cel ne anaes ee $9,814,000 
Bastern Bronx... «4/0 506.6. Jibs REO eee 708,000 
Northwestern Queens, .......)<seucew Petmeenas eer i ne ene 352,000 
Corona-Flushing. ... ..53.-i oss a eee 1,961,000 
Northeastern Queens... .’... . ic... een eee ee 563,000 
Totals... oi. csv Peas + vine Oe ee $13,398,000 








Cost of Construction 


Cost of Maintenance 
and Operation, In- 
cluding Fixed 
Charges 


$701,000 
87,000 

29,000 

154,000 

|, 42,000 


$1,013,000 
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CHAPTER IV 
THE RICHMOND DIVISION 


GENERAL DESCRIPTION OF THE TERRITORY 


Location and Area. This report deals with that part of Staten Island which 
slopes toward the Narrows, Upper bay, Kill van Kull and Newark bay, or nearly the 
whole of the northern and northeastern portions of the Borough of Richmond. This 
territory includes, besides the natural drainage areas tributary to the bodies of water 
mentioned, a comparatively small area which drains naturally to Willow brook, and 
thence to Fresh Kills and Lower New York bay, and from which it is feasible and 
desirable to carry the house sewage to the Kill van Kull for final disposal. 

The line bounding the district on the south starts from Fort Wadsworth at the 
Narrows, and runs in a generally westerly direction through Arrochar and Grasmere, 
across Todt hill and through the erounds of the Richmond Borough almshouse, finally 
reaching the village of New Springville. On the west the boundary line follows 
closely the Port Richmond road, passing through Bull’s Head and Graniteville, and 
thence not far from Morningstar road to a point south of Elm Park, from which point 
it follows the watershed along the Staten Island Rapid Transit Railroad, westerly 
nueariy «0 South avenue, whence it runs in a northwesterly direction, crosses Rich- 
mond terrace near Holland avenue, and continues to the shore of Newark bay east of 
Howland Hook. 

Between this line and the established bulkhead line bordering the Narrows, Upper 
bay, the Kill van Kull and Newark bay there is included an area of 9,178 acres, or 
about 14.8 square miles, exclusive of cemeteries, parks, institutional property, U. S. 
Government land, etc. This area is approximately equal to one-fourth of the total 
land surface of Staten Island. 


Topographical Features. The topography of the territory is varied. The part 
which drains to the northeastern shore of Staten Island is separated from that which 
drains to the north shore by a high ridge, which traverses the island in a general north- 
easterly and southwesterly direction and which rises at Todt hill, on the southern boun- 
dary of the territory, to an elevation of 409.8 feet above the Richmond high-water 
datum. The slopes on the easterly side of the ridge, within the limits of the territory, 
are precipitous. The westerly and northerly slopes are generally gradual. 

In the western part of the territory the land is comparatively low, and in many 


places, near the watercourses and shores, it is swampy. The slopes down to these 
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swampy areas are generally gradual, and the ridge marking the outline of the district 
on the west is not high. 


The terminal moraine forms a conspicuous feature of the topography in the south- 
eastern part of the district. Along the boundary line from Arrochar to Grasmere the 
bare, rounded hills and numerous depressions and ponds, characteristic of morainic 


topography, are especially noticeable. 


The land near the shore, from Fort Wadsworth to Howland Hook, is made up 
alternately of headlands, of varying height, and valleys. Streams flow through many 
of these valleys, while in others the natural watercourses have been replaced by sewers. 
Much of that portion of the territory which drains to the Kill van Kull lies within 


the drainage area of Bodine creek, which is the largest watercourse in the subdivision. 


Population. Nearly all the more thickly settled part of Staten Island lies within 
the drainage districts of the Narrows, Upper bay, Kill van Kull and Newark bay. Out 
of a total population in the Borough of Richmond, in 1910, of 85,969, this territory 
contained an estimated population of 64,320, or almost exactly three-fourths of the 
total. In 1940 it is probable that this area will have no less than 140,000 people out 


of 190,000, the minimum number that may be expected to inhabit the borough at that 
date. 


While for a number of years previous to 1905 the growth of population in the bor- 
ough was slow, due to various causes, since that date the population has increased at 
a comparatively rapid rate. Owing to changed conditions, it seems reasonable to ex- 


pect that this rapid growth will continue. 


Development. The land which lies near the shore from Rosebank almost to How- 
land Hook is well populated, and in some places thickly settled, but no part of the 
whole area has a population closely approaching in density that which exists in most 
of the other boroughs of New York City. In fact, with the exception of a few centers 
which are chiefly devoted to business purposes, and a number of spots where buildings 
of a poor class are huddled together, the whole area, for a considerable distance back 
from the waterfront, may be termed suburban. Further from the water most of the 
territory is rural in character, and there are large tracts which are still wholly unim- 
proved. 

While the populated sections will gradually extend farther and farther from the 
waterfront, much of the territory to the south and southwest is likely to remain in a 
rural and unimproved state for many years. It seems certain that the business centers 
will gradually expand, although nearness to Manhattan will cause activities to be con- 


fined mostly to the establishment of stores to supply the needs of the local population. 
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In course of time docks and warehouses will undoubtedly occupy the Stapleton water- 
front, and water and rail facilities make the north shore a superior place for the 
establishment of factories. 

Sewerage of the Territory. During the last few years large amounts of money 
have been spent by the borough in the construction of sewers. In the areas which 
drain to the Narrows and Upper bay, and along the western part of the north shore of 
the island, much progress has been made in replacing old and shallow village sewers, 
formerly built to take care of the immediate needs for house drainage, by modern 
systems. Except in some of the low areas near the waterfront, these new sewers are of 
the combined type. 

In much of New Brighton, and in West New Brighton and Port Richmond, the 
old village sewers have so far remained more or less adequate to the needs of the com- 
munities. Few if any, new combined sewers have been constructed, and little has yet 
been done concerning the preparation of drainage plans for these areas. The natural 
watercourses which traverse those areas have proved sufficient for the removal of the 
storm water and they can continue for some time to perform this service for many 
places. Certainly, if the storm water in the thickly settled areas near the waterfront 
is removed by sewers, the run-off from the more sparsely settled upland territory can 
be adequately provided for in the natural watercourses for many years to come. 

Wherever new and complete systems of sewers have been installed the dry-weather 
flow has been diverted from them, above mean high tide, and carried in a pipe to mod- 
erately deep water, and the outlet for the storm water has been placed near the shore 
line. It is the intention of the borough authorities to extend the dry-weather and 
storm-water outfalls to the pierhead and bulkhead lines, respectively, when the piers 
and bulkheads are built. By this method of discharging the house sewage into deep 
water during dry weather, the shores near the sewer outlets have escaped much of 
the pollution which otherwise would have been inevitable. Nevertheless it is felt 
that at many points the discharge of house sewage in a crude state, even at the pier- 
head line, will not be permissible much longer. For this reason an experiment sta- 
tion has been established by means of which the most suitable method of handling the 


local sewage disposal problem can be studied. 


SEPARATION OF THE TERRITORY INTO SUBDIVISIONS 


The topography of the whole division is unfavorable for the collection of all the 
sewage to one central point for disposal. The high ridge separating the areas draining 


to the northeastern shore of the island from those draining to the north shore, the 
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small areas of low land in the western end of the division, the great distance which 
it would be necessary to carry much of the sewage and the amount of pumping re- 
quired are opposed to the collection of the sewage at a point near the Narrows, which 


is the most favorable place available for its ultimate discharge. 


While the discharge of all the house sewage from the northerly and northeasterly 
slopes of Staten Island into the Narrows would be desirable, and economy of operation 
would result from having only one disposal plant to maintain, it is believed that the 
benefits derived would not compensate sufficiently for the cost of carrying the sewage 
to such a plant. Moreover, it seems certain that the Kill van Kull, with its deep water 
and swift currents, would provide, for many years, if not for all time, a sufficiently 
favorable place for discharging the sewage from the areas bordering on Newark bay 


and the Kill van Kull, after it has been passed through settling tanks. 


The territory with which this report deals has been subdivided in such a way as 
to facilitate the collection of the sewage, to provide for each subdivision a favorable 
and adequate place for treatment works, and to minimize the amount of pumping 
necessary. At the same time care has been taken not to divide the territory to such 
an extent as to cause the establishment of plants too small to be operated economically. 

The subdivisions, five in number, have been given names associated with the points 
chosen for the sites of the respective treatment works. They are named and described 


as follows: 


1. The Quarantine Subdivision comprises the area naturally draining to the Nar- 
rows from Fort Wadsworth to the Marine Hospital, Stapleton. The settlements 


known as Clifton, Rosebank and Fort Wadsworth lie within its boundaries. 


2. The Stapleton Subdivision comprises the area naturally draining to the Nar- 
rows between the Marine Hospital and St. George. Tompkinsville, Stapleton and 


Concord lie within this area. 


3. The Livingston Subdivision comprises the area naturally draining to Upper 
New York bay west of St. George, and most of that draining to the Kill van Kull east 
of a line joining the southerly end of Silver Lake, the corner of Castleton and Bement 
avenues, and the northerly end of Elm Court, West New Brighton. Sailors’ Snug Har- 


bor and the settlements of New Brighton and Livingston are included. 


4. The West New Brighton Subdivision comprises, roughly, the area naturally 
draining to the Kill van Kull between the westerly limit of the Livingston subdivision 


and Tower Hill, Port Richmond, together with the area draining to Willow brook, east 
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of Port Richmond road. West New Brighton and Castleton Corners and parts of Port 


Richmond, Graniteville, Bull’s Head and New Springville are in this subdivision. 


5. The Elm Park Subdivision comprises, roughly, the area naturally draining to 
the Kill van Kull and Newark bay between Tower Hill and Holland avenue. Elm 
Park and parts of Port Richmond and Mariner’s Harbor are within its confines. 

The boundaries of the Quarantine, Stapleton and western part of the Elm Park 
subdivisions are fixed by the limits of the sewerage districts already outlined by the 
engineers of the borough; but the boundaries of the Livingston and West New Brighton 
subdivisions, except where bordering on the Stapleton subdivision, and of the eastern 
part of the Elm Park subdivision, have been placed by this Commission as seemed best 
suited to the main drainage plans to be worked out. The limits agree, however, in a 
general way, with sewerage districts which have been outlined, but as yet only ap- 


proximately, by the engineers of the borough. 


OUTLINE OF THE PROPOSED PLAN FOR MAIN DRAINAGE 


The proposed plan for the Quarantine subdivision provides for the collection of 
the sewage by a high-level intercepting sewer to the foot of Nautilus street, near the 
Quarantine station, where, after passing through coarse screens, grit chambers and 
fine screens, it will be discharged into the deep water of the Narrows. The sewage from 
the low land in Clifton will be pumped to the high-level sewer. 

In the Stapleton subdivision the sewage will be collected near the foot of Water 
street, Stapleton, by high- and low-level sewers, passed through settling tanks and dis- 
charged into the Narrows off Canal street. 

The plan for the Livingston subdivision provides for the collection of the sewage, 
mostly by high-level sewers, to the waterfront at Kissel avenue, Livingston, where, 
after being passed through settling tanks, it will be discharged into deep water in the 
Kill van Kull. 

According to the proposed plan, the sewage from the West New Brighton subdivi- 
sion will be brought, by high- and low-level intercepting sewers, to the waterfront near 
the garbage incinerator in West New Brighton, passed through settling tanks and dis- 
charged into deep water in the Kill van Kull. 

In the Elm Park subdivision the sewage will be collected, by high- and low-level 
sewers, to the vicinity of Newark avenue and Richmond terrace, where, after being 
passed through settling tanks, it will be discharged into deep water in the Kill 
van Kull. ; 

The sewers will vary from 8 inches to 6 feet 9 inches in diameter, and their total 
length will be 10.88 miles. " | | 
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Kind of Sewers Proposed. The collecting and intercepting sewers, as planned for 
the five subdivisions, are designed, primarily, to carry eventually only the dry-weather 
flow from the contributing sewers, already built or to be built, in these subdivisions. 
Attention has been directed to the fact that the sewers built by the borough have been, 
in general, of the combined type, and that future construction is planned along the 
same lines. This means that during wet weather much of the house sewage, mixed 
with varying volumes of storm water, will continue to the bulkhead line without being 
intercepted, and will there be discharged. The growth of population to be expected 
in the borough has so influenced the design of the proposed dry-weather trunk sewers 
that many of them will assist materially, for a considerable period, in the disposal of 
the storm water. 

While it would be inadvisable in those districts that have already been sewered 
by the borough authorities to provide systems of separate sewers, using those already 
built to remove storm water, this Commission considers it desirable, from now on, to 
construct sewers on the separate plan, and provide only such storm-water sewers as 
are demanded from time to time. Relieved of an admixture of house sewage, it is 
likely that many of these storm sewers might empty directly, for many years to come, 
into the natural watercourses which flow northerly into the Kill van Kull. The build- 
ing of the comparatively small sewers required for the house drainage, and only such 
storm-water sewers as are absolutely needed, would minimize the cost of sewer con- 
struction, a consideration of much weight, especially in view of the fact that the pop- 
ulation which can be assessed is small. Among other advantages which the separate 
system would possess may be mentioned better protection against pollution to the water 
near shore during wet weather and less quantity of sewage to be handled in the treat- 
ment works. 

The plans here proposed have been worked out on the assumption that the present 
policy of constructing combined sewers will be continued, but whether or not this 
policy is followed in the areas to be sewered in future, the principal features of the 
main drainage systems and of the treatment works would be the same. If the sewers 
were built on the separate system, however, connecting chambers, overflows, tide-gates, 
and perhaps grit chambers, would be unnecessary, and the costs would be reduced to 
that extent. 

Population and Quantity of Sewage. The sizes to be provided for the main trunk 


sewers for collecting the dry-weather flow in localities similar in position and condi- 
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tion to the settlements on the northern and northeastern shores of Staten Island 
should not depend, as has been the case in many cities, upon an estimate of popula- 
tion at any definite period, but upon densities of population on the tributary drainage 
areas which are considered probable when the areas shall have reached approximately 
their ultimate development. 

The part of Staten Island included within this division is so near Manhattan, and 
there are so many other reasons, including the possibility of rapid transit, which may 
greatly accelerate the growth of population in any part of or throughout the district 
that it would be unwise to restrict the capacities of the proposed trunk sewers to suit 
what now appears to be the needs of the district thirty years hence. The total construc- 
tion cost of the sewers as designed will not be a very large sum, and the saving ef- 
fected by cutting down their capacities materially would not be as great as might be 
supposed. 

In order to estimate the necessary capacities of treatment works, pumping equip- 
ment and other parts of the main drainage works that can easily be added to at later 
periods, it is essential that estimates be made of present populations and sewage flows. 
The following table presents these figures as estimated for the various subdivisions for 
the year 1910, based on United States Census figures. The areas of the subdivisions 
are calculated to the established bulkhead line, but do not include cemeteries, parks, 
Sailors’ Snug Harbor, U. S. Government property, etc. The “area sewered”’ column 
of the table has no reference to the actual area in each subdivision that was provided 
with sewers in 1910, but the figures represent roughly the areas that were fairly well 
settled and might with reason be provided with sewers. The populations estimated 
for these sewered areas are the ones which have been used as a basis for estimating 
the flow of house sewage. It will be noticed that in the low-level areas the whole pop- 
ulation was assumed to be served by sewers. The total sewage flow, manifestly, is not 
the average daily amount of sewage that was discharged from the sewer outlets of the 
district during dry weather in 1910, but the figures represent a rough estimate of the 
average amount that might have been expected under a more complete development of 
the sewerage systems. 

The average flow of house sewage has been assumed to be 125 gallons per inhabitant 
per day, and the average ground-water leakage has been taken at 500,000 gallons per 


square mile per day, irrespective of local conditions. 


78 PLANS FOR THE PROTECTION OF THE HARBOR 


TABLE VII 
POPULATION AND SEWAGE FLOW OF THE FIVE SUBDIVISIONS IN 1910 





Population Hous Ground | Total 














Area 
wines Area, . on Water | Sewage 
Subdivision ree Saat Population SHEED | ke: Leakage} Flow 
el Area, gS: Mgd.* | Mgd.* 
1—HIGH LEVEL TERRITORY. 
CWIRPAUGINE Hs sce. | bec ote era ees 661 330 6,057 5,500 0.69 0.26 0.95 
BCATHOGOR SA lars. csncieina-sine's nbeeia age eamemerae 1,532 600 16,152 15,000 1.40 0.47 1.87 
PAVINEBUON..0. 5 see ooo le ee eee 893 600 11,183 10,000 0.93 0.47 1.40 
West New Brighton..................- 4,735 600 12,409 10,000 0.93 0.47 1.40 
MimoPRark sey os x 2. iitaayeces eee reer 173 140 3,580 3,500 0.33 0.11 0.44 
Totals........ 1 eee 7,994. | 2,270 49,381 44,000 4.10 | 1.78 | 5.88 
2—LOW LEVEL TERRITORY. 
QuarantiMe. ) hs cuca eee ee 156 80 1,404 1,404 0.13 0.06 0.19 
Stapleton... ine Mews sss 0 ea eee ee 182 110 3,241 3,241 0.30 0.09 0.39 
Livingston. i. Orbe: soo ety ee 66 35 250 250 0.03 0.03 0.06 
West. New Brighton... 202 0.0. 6.52 ee 321 240 5,082 5,082 0.47 0.19 0.66 
lms Parks oy cicc ee eae Seo ore 459 280 4,962 4,962 0.46 0.22 0.68 
Vota: caste eee ont ae 2 1,184 745 14,939 14,939 1.39 0.59 1.98 
TABLE VIII 
TOTAL POPULATION AND SEWAGE FLOW OF THE FIVE SUBDIVISIONS IN 1910 
Population ; Ground | Total 
Area House 
aes Area . on Water | Sewage 
Subdivision Ritee Nava Population Gir aed cones Leakage| Flow 
Area, ga. Mgd.* | Mdg.* 
Quarantine es: bo ket coe 817 410 7,461 6,904 0.64 0.32 ‘0.96 
Stapleton: (i). JPME Me eb OE 1,714 710 19,393 18,241 1.70 | 0.56 | 2.26 
Livingstone ie tad a aoe 959 635 11,433 10,250 0.96 | 0.50 | 1.46 
West New Brighton................... 5,056 840 17,491 15,082 1.40 | 0.66 | 2.06 
Bla 'Park e107 tee rer tee 632 420 8,542 8,462 0.79. | 0.Saea nets 
Totals ue. dick. ee ea 9,178 | 3,015 64,320 58,939 5.49 | 2.87 | 7.86 


The following table gives the densities of population, total population and average 
sewage flow used in designing the sewers of each subdivision. All the territory is as- 
sumed to be sewered. The area as far as the bulkhead line has been assumed to be 
populated. Much of the ground near the water will be occupied by industrial establish- 
ments instead of dwellings, but sufficient allowance for the sewage flow from these has 
probably been made by assuming the area populated throughout. 











TABLE IX 
TOTAL POPULATION AND SEWAGE FLOW USED IN DESIGNING THE PROPOSED SEWERS 

eet Population Average Sewage Flow Mgd.* 

Subdivision he per pd er Oe Nae REI are ane fee 

Population| High Low High Low 

per Acre Level Level Total Level | Level Total 
OGnarantine 67° 6 ood. oy 75-100 52,870 15,600 68,470 ile 2.08 9.20 
DtapiolOnee tte cn. etigut cds. see 70-150 112,385 19,870 132,255 | 15.24 2.63 17.87 
PAV IO CON kai 5 ies re? <3 ei ee 75-100 81,975 6,600 88,575 | 10.94 0.88 11.82 
West New Brighton....90...5..0% Jee pace 40t-120 247,960 38,260 286,220 | 34.69 5.04 39.73 
Wa Prices cies cou hoes cee 80-120 18,040 40,060 58,100 2.39 5.37 7.76 
Whole District... %..<052. cae 40-150 513,230 120,390 633,620 | 70.38 | 16.00 86.38 
* Million gallons per day of 24 hours. t Average density on 1,116 acres. 


t Average density on 1,814 acres. Average density of 50 on 1,283 acres. 
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Collecting Sewers for the Quarantine Subdivision. Most of the sewage of the Quar- 
antine subdivision will be collected at the foot of Nautilus street by a high-level 
intercepting sewer, which will intercept the dry-weather flow from the combined sewer 
in Maple avenue at the corner of Anderson street and pass through Anderson street, 
Chestnut avenue, New York avenue, Sylvaton terrace and Bay street, and along the 
shore to Nautilus street. On its route it will receive the flow from all the territory 
lying south and west of its course. | 


The sewage from the low land in Clifton will be collected at the corner of Bay 
street and Maple avenue by an intercepting sewer in Bay street, which will intercept 
the dry-weather flow from existing sewers in Norwood avenue and Simonson avenue. 
At Bay street the dry-weather flow from the Maple avenue sewer will be diverted, and 
together with the flow from the Bay street intercepting sewer will be led into an auto- 
matic, electrically-operated pumping station to be located at this corner. From this 
pumping station the sewage will be pumped through a force main in Bay street to the 
high-level intercepting sewer at the corner of Bay street and Sylvaton terrace. 


The dry-weather flow from the existing Nautilus street sewer, which drains a large 
area, will be intercepted and carried by a short connecting sewer to a junction with the 
high-level sewer above mentioned. The plan also contemplates the construction of a 
small high-level sewer in Centre street which will intercept the dry-weather flow from 
the combined sewer at the corner of Norwood avenue and discharge it at Simonson 
avenue, or a short distance north of it, into the combined sewer planned for Centre 
street. It will thence be carried to the Maple avenue sewer and finally into the high- 


level sewers in Anderson street. 


The proposed collecting sewers in the Quarantine subdivision vary from 12 inches 
to 3 feet 3 inches in diameter. Their total length, including the force main, but exclu- 


sive of the outlet pipe, is 1.46 miles. 


Collecting Sewers for the Stapleton Subdivision. A large part of the area in- 
cluded within the Stapleton subdivision is at a sufficient elevation to permit its sewage 
to be collected and passed by gravity through tanks located in Stapleton, but the eleva- 
tions of the streets in the vicinity of the works are so slight that the sewage from the 
high-level districts will have to be carried to the works in long conduits submerged 
below the hydraulic gradient. 

On the north the dry-weather flow from the Arietta street sewer will be intercepted 
at Stuyvesant place and brought, together with sewage collected on its route, by a 
high-level sewer passing through Stuyvesant place, Griffin, Hannah, Sarah Ann, Van 


Duzer and Elizabeth streets to a point a short distance east of Van Duzer street, from 
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which place it will be carried to the treatment works, located on Front street between 
Prospect street and Water street, by a siphon passing through Elizabeth street, rights of 
way and Front street. 

On the south the dry-weather flow from the large sewer in Broad street will be 
intercepted at the corner of Canal and Broad streets and carried to the treatment 
works by a siphon passing through Canal, Water and Front streets. From the corner 
of Riker and Broad streets a connection will be laid in such a way as to join the large 
Broad street sewer just above the point at which its dry-weather flow is intercepted. 

At Wright and Beach streets this siphon will have connections through which the 
dry-weather flow from the existing sewers in these streets will be added. Ample head 
for this purpose can be secured without making these cut-off sewers of great length. 

That part of the sewage of the subdivision which cannot be passed through the 
treatment works by gravity will be brought to an automatic, electrically-operated 
pumping station located at the works. Here the sewage will be raised by the pumps 
to such an elevation as to allow it to pass through the tanks. 

The two low-level intercepting sewers required will be built in Front street and will 
be short. The one from the north will start, until its extension is required, by inter- 
cepting the dry-weather flow from the existing Elizabeth street sewer; the one from the 
south will intercept the dry-weather flow outlet sewer at present in Canal street, and 
will be joined by the existing 15-inch sewer in Water street. It is assumed that the 
10-inch sewer in Thompson street, which now creates foul conditions by discharging 
into the dock, will be joined to the sewer in Canal street and the flow thus taken to the 
treatment works. 

In designing the high-level siphons, the available head was found so small that the 
velocities through the siphons would have to be less than desirable. They would be 
especially small for a number of years. Trouble from this cause can be obviated by 
constructing by-passes from these siphons to the suction well of the pumping station at 
the treatment works. By means of these by-passes the siphons can be easily and effect- 
ively flushed. 

It was found best to make the south siphon of a capacity sufficient to take care of 
the needs for only a few years with the idea that one or two more conduits can be con- 
structed as required. With the north siphon conditions were somewhat different. It 
will be economical to provide this siphon with the same capacity as that of the intercept- 
ing sewer leading to it. In order to make the velocity of sewage as great as possible 
when the flow is small, the north siphon will consist of two pipes of different sizes, the 
larger one to come into use automatically when the level of the sewage in the high-level 


sewer reaches a certain height. 
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Both the north siphon, of 24-inch and 18-inch pipes, and the south siphon, of 
24-inch pipe, could, it is thought, be built economically and properly of vitrified pipe, 
with bituminous joints and surrounded by concrete, and the estimates have been based 
upon this type of construction. 

The proposed collecting sewers in the Stapleton subdivision vary from 15 inches to 
2 feet 9 inches in diameter. Their total length, including siphons, but exclusive of out- 


let pipe, is 1.54 miles. 


Collecting Sewers for the Livingston Subdivision. Practically all the sewage of 
the Livingston subdivision can be brought to the treatment works at the foot of Kissel 
avenue and passed through them by gravity. 

The sewage from St. George and New Brighton will be collected by a high-level in- 
tercepting sewer, which will start at the corner of Jay and Wall streets and pass 
through Jay street and Richmond terrace to the treatment works. 

From the south a high-level sewer will start at the corner of Kissel avenue and 
Brighton boulevard and pass through Kissel and Bergen avenues and Health place to 
the treatment works. A-branch of this sewer will be constructed in Bergen avenue be- 
tween Oakland avenue and Health place. 

A small low-level intercepting sewer will be built in Richmond terrace from Oak- 
land avenue to a small, automatic, electrically-operated pumping station located at the 
site of the treatment works. 

In this subdivision the high-level sewers will have to pass through low land before 
reaching the treatment works. The street grades in these low areas have been at least 
tentatively established. However, the area is not yet built up and it will be feasible to 
raise the projected street grades wherever necessary, so as to give a light, but sufficient 
cover over the top of the sewers. 

The proposed collecting sewers in the Livingston subdivision vary from 10 inches 


to 3 feet 3 inches in diameter. The total length, exclusive of outlet pipe, is 2.77 miles. 


Collecting Sewers for the West New Brighton Subdivision. The sewage of the 
West New Brighton subdivision will be collected by two high-level and two low-level 
sewers. Just before reaching the treatment works, which are to be located south of 
Starin avenue, between Bodine and Dongan streets, the sewers join so as to form one 
high-level and one low-level sewer. 

The east high-level intercepting sewer will start at the corner of Elm court and 
Henderson avenue and pass through Henderson avenue, Water street and Richmond 
terrace to a junction with the west high-level intercepting sewer. 

The west, or perhaps better, the south high-level intercepting sewer, has been 
assumed, for the purposes of this report, to start at the proposed Northfield boulevard. 
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Its route will be through Linnet street, Madison avenue, Jewett avenue, Roberts street, 
Manor road, Castleton and Columbia avenues, Cedar and Bodine streets and Richmond 
terrace, and thence through the city’s property at the West New Brighton garbage in- 
cinerator. A small branch of this sewer will be built in. Palmer avenue east from He- 
berton avenue, so as to intercept the sewage flow from the high area west of the latter 
street. 

The east low-level intercepting sewer will start at the foot of Broadway, at which 
point it is assumed that the flow from the combined sewers in the low area in the 
vicinity will collect, and will pass through Richmond terrace and Starin avenue to 
Dongan street, where it will join with the west low-level intercepting sewer. 

The sewage from a large part of Port Richmond and the low area in the vicinity of 
Bodine creek and Palmer’s run will be brought to an automatic, electrically-operated 
pumping station at the treatment works by the west low-level intercepting sewer which 
will start in Richmond avenue north of Richmond terrace and pass through Richmond 
terrace, Starin avenue and Dongan street. 

Whether the large undeveloped areas in the West New Brighton subdivision, which 
lie south of the proposed Northfield boulevard, are finally sewered upon the separate or 
upon the combined plan, all the dry-weather sewage flow can be brought by gravity to 
the upper end of the west high-level intercepting sewer as proposed. 

On account of the large population which eventually will occupy the extensive area 
tributary to it, this sewer is much larger than any of the collecting sewers in the other 
subdvisions, and can serve for many years to carry to the waterfront much of the 
storm-water brought to it by the combined sewers in West New Brighton. The surplus 
storm-water would be led to a trunk sewer, which would also collect the flow from the 
sewers of the low-level district. It is suggested that this. trunk sewer be designed of 
a size sufficient to care for the ultimate dry-weather flow of the low-level district tribu- 
tary to it, together with only such storm-water as it would probably have to carry for 
a few years, with the idea that later, when it becomes necessary to close up the water- 
courses and provide artificial channels for the storm-water from the large and now un- 
developed areas, a large storm-water sewer can be built to the waterfront. 

The conditions in much of this subdivision, with its numerous open watercourses, 
are such that great economy would result from the construction of sewers on the sepa- 
rate system. It will be particularly desirable, when the time arrives, to sewer on the 
separate system that portion of this subdivision which lies south of Richmond turnpike 
and drains directly to Willow brook. When it becomes no longer possible to provide 
for the storm-water from this area on the surface, it should be emptied into Fresh Kills 


instead of being carried with the house sewage all the way to the Kill van Kull. 
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In all the subdivisions it has been assumed that streets would be opened and 
graded according to the plans at present outlined by the borough. In this subdivision 
particularly, the routes of many of the proposed sewers are laid out in streets which are 
not yet opened. 

Owing to topographical conditions in the different subdivisions, the high-level 
sewers, near their entrance to the various treatment works, have had to be placed lower 
with reference to the ordinary sewage level in the settling tanks than is desirable. With 
the small amount of sewage that will be carried through these sewers in dry weather for 
some time after their construction, small velocities will occur in their lower ends. This 
will cause trouble from deposits only for a short distance, if at all, in any of the sewers 
except the west high-level sewer of the West New Brighton subdivision, as all of them 
except the one named are small in size and their grades are considerable. While the 
dry-weather flow is small it might be practicable to run the tanks with a somewhat 
lower sewage level than that for which they are designed. Opportunity for creating a 
greater velocity at intervals might be afforded by a temporary lowering of the water 
level in the tanks or by providing a by-pass to the pumping stations, outfall pipes or to 
storm or combined sewers at a lower level. 

The proposed collecting sewers in the West New Brighton subdivision vary from 
8 inches to 6 feet 9 inches in diameter. Their total length, exclusive of the outlet pipe, 


is 3.14 miles. 


Collecting Sewers for the Elm Park Subdivision. In the four subdivisions already 
considered it has been found practicable to collect and dispose of most of the sewage 
by gravity. Conditions in the Elm Park subdivision are different, resulting in the 
necessity of pumping considerably more than half the sewage. 

A high-level intercepting sewer will start at the corner of Lafayette avenue and 
Harrison avenue, Port Richmond, to which point it is assumed that a combined sewer 
in Elizabeth street and Harrison avenue will bring sewage from points as far east as 
Broadway. The route of the high-level sewer will be through Harrison, Nicholas and 
Charles avenues, Douglas street and Newark avenue to the treatment works at the cor- 
ner of Newark avenue and Richmond terrace. A short branch of this sewer in Roselle 
and Monroe streets, as far as the railroad, will bring to it the dry-weather flow from 
existing sewers in Monroe and Cedar streets. 

From the east the sewage from the low-level district will be brought to an auto- 
matic electrically-operated pumping station at the treatment works by a sewer in Rich- 
mond terrace starting-at Nicholas avenue. From the west the sewage will be carried 


to the pumping station by a sewer in Richmond terrace. This sewer will intercept the 
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dry-weather flow from the existing combined trunk sewers in Harbor road, Union 
avenue and Housman avenue. 

The proposed collecting sewers in the Elm Park subdivisions vary from 8 inches 
to 3 feet in diameter. Their total length, exclusive of the outlet pipe, is 1.97 miles. 

Pumping Stations. All the pumping stations in the division will be of the auto- 
matic, electrically-operated type. The current for operating them can be purchased, or 
it might be furnished by the garbage incineration plants at West New Brighton and 
Clifton, thus affording a desirable outlet for some of the surplus power generated at 
those plants. This surplus power would undoubtedly be used at the West New Brigh- 
ton sewage pumping station, as there would be no expense for transmission at this 
point. It would also probably pay to transmit power from the Clifton incinerator to 
the Maple avenue pumping station in the Quarantine subdivision. Whether it would 
be economical to transmit power from the West New Brighton incinerator to the Elm 
Park and Livingston pumping stations, and from the Clifton incinerator to the Staple- 
ton pumping station, would depend upon the price for which current could be pur- 
chased from the light and power company. 

All the pumping equipment ultimately necessary in these stations would not be 
required at first. However, all pumps and motors should be in duplicate. 

The following table gives the average total head pumped against, the estimated 
average sewage flow which would have arrived at each pumping station in 1910 under 
the assumptions given in the discussion of population and sewage flow, the average 
sewage flow at each station which was used as a basis for estimating the cost of opera- 
tion, and the aggregate average sewage flow for which the sewers leading to the sta- 
tion were designed. 


TABLE X 


MAIN PUMPING STATIONS 


Average Sewage Flow—Megd.* 
Total Head, 


Pumping Station Feet Estimated for | Basis for Cost es a 
: ewers 

of operation Designed for 
Maple ‘Avenue:$jii Hic vzhehi DNR eae 10.0 0.19 0.50 2.08 
Stapleton s¢ sas ciodva Hegel he ee Rane oe ee 12.0 0.39 1.00 2.63 
Lavingston, £25-5s/ieiniok ae sore eae, en eee 14.0 0.06 0.25 0.88 
West New Brighton... 40.25 eee. cn ee poe eee 13.5 0.66 2.00 5.04 
Blmii Parks canes Cos a, eae ee ee ee 14.5 0.68 2.00 5.37 
All Stations...) '¢2 Sinead eee 1.98 5.75 16.00 


* Million gallons per day of 24 hours. 


Outlets. All the outlet pipes through which the effluent from the various treat- 


ment works will be discharged will extend into deep water where the currents are swift. 
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In the Quarantine subdivision it is proposed to make use of an existing 20-inch 
cast-iron outlet sewer which extends out toa point about 225 feet from the present shore 
line. This pipe will be of sufficient capacity to last for many years, and it should be 
extended to, or nearly to, the pierhead line. When necessary, another outlet pipe can 
be added. 


There is at present a 3-foot wood stave pipe running to the outer end of the 
municipal ferry pier at the foot of Canal street, Stapleton, through which pipe the 
dry-weather flow from the tributary sewers is carried to deep water. This pipe is of 
sufficient size to carry the effluent from the proposed Stapleton treatment works for 
many years, and could be made of use. When the pier is extended to the established 
pierhead line the outlet pipe should be extended also. When necessary another out- 


let can be built at the foot of Prospect street. 


From the Livingston treatment works it is proposed to lay a submerged 24-inch 
cast-iron pipe to deep water beyond the pierhead line and, when necessary, another out- 


let pipe can be laid. 
Although greatly increased capacity of outlets from the West New Brighton treat- 


ment works will ultimately be needed, a 3-foot pipe will be ample in size for a long 
time. It would probably be practicable to lay a wood-stave pipe under the existing 
pier at the foot of Bodine street and to extend the outlet for some distance into deeper 
water by means of a submerged cast-iron pipe. 

From the Elm Park treatment works it is proposed to lay a submerged 20-inch 
cast-iron pipe into deep water at a considerable distance beyond the pierhead line. 
This pipe will be of sufficient size to last for a number of years. It can be supple- 


mented by another pipe when greater capacity becomes necessary. 


TREATMENT WORKS 


Forms of Treatment Proposed. Theform of treatment proposed for the sewage of 
all the subdivisions, except the Quarantine, is the same and consists of coarse screening 
and sedimentation. A period of about two hours should be allowed for settlement. 
It is believed that the deep water and strong currents along the shores of this 
district will afford ample opportunity for the diffusion and digestion of sewage in such 
quantities as may be expected from this portion of Staten Island, if it is treated in the 
manner proposed, and discharged from submerged outlets into water of 30 feet or more 


in depth and good current. 
The successful protection of the water along these shores will, however, depend 


somewhat upon the measures taken elsewhere for the betterment of the harbor. The 
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present pollution along the northern, and particularly the northeastern, shore of Staten 
Island is, to some extent, due to the condition of the harbor water in general. 

Passage through grit basins, coarse and fine screens is the form of treatment pro- 
posed for the Quarantine subdivision, as the opportunity for diffusion and digestion of 
the sewage by the harbor waters is here especially favorable. 

At the treatment works for all the subdivisions, grit chambers, with a settling 
period of from one to two minutes, will be provided. Where screening is to be used, the 
erit chamber will prevent heavy deposits which might occur in the outlet pipes or on 
the harbor bottom near the points of discharge. Where settling tanks are to be used, 
the grit chambers will guard against trouble that would occur from the deposition of 
heavy solids in the tanks which are intended for the sedimentation of organic matters. 

Sites for Treatment Works. Many factors have affected the choice of sites for 
treatment works in the various subdivisions. Among the chief considerations have been 
the existence of undeveloped land of sufficient area for plants of the size which will 
ultimately be necessary, the location of these areas at such points as may be best suited 
to an economical collection of the sewage, this collection being accomplished, as far as 
possible, without the use of pumping machinery, proximity to any servicable sewage 
outlets that might occur, and favorable location with respect to railroad facilities. 

At the foot of Nautilus street there is ample room for locating a screen for the 
Quarantine subdivision. 

The best site for the location of settling tanks for the Stapleton subdivision seems 
to be on the west side of Front street between Water and Prospect streets. This loca- 
tion is contiguous to the railroad, and the greater part of the site is occupied by an old 
asphalt plant and storage yard, which is out of use and for sale. On the Water street 
front there are a few old tenements. By a judicious arrangement of tanks, it will be 
possible on the area available to treat all the sewage that is likely to reach this point. 
If for any reason the purchase of this land is deemed inadvisable, there are other unoc- 
cupied sites in the immediate neighborhood which probably could be obtained. 

The proposed site for the Livingston treatment works is west of Kissel avenue be- 
tween Richmond terrace, as it is to be relocated, and Livingston place. There may be 
opposition to the establishment of treatment works here, but it is the logical place for 
them and, if the tanks are properly operated, no offense should be created. 

The best site for treatment works in the West New Brighton subdivision is near 
the garbage incinerator. Economy of operation should result from their location at 
this point. The block bounded by Starin avenue, Dongan street, Richmond terrace and 
Bodine street seems to afford the best site for the works and has therefore been selected. 


There probably will be plenty of room within this area, even without including the lots 
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bordering on Richmond terrace, to treat any volume of sewage which needs to be col- 
lected at this point. | 

In the Elm Park subdivision the most favorable site seems to be at the east corner 
of Richmond terrace and Newark avenue, although there is a considerable amount of un- 
occupied land in the vicinity. A location much farther to the west would be inad- 
visable, if for no other reason than on account of unfavorable conditions which exist 
there for the discharge of sewage. 

Capacities of Treatment Works. In designing the treatment works sufficient ca- 
pacity should be provided to take care of the volume of sewage to be expected for a 
reasonable period in the future. Nevertheless, the tank capacity to be provided in the 
first installation should not exceed the economical limit, as units can be added when 
necessary. 

The following table gives the estimated average daily amount of sewage which 
might have been brought to the various works had they been in existence in 1910, and 
also the capacities which were used as a basis for estimates of cost of construction and 
operation and which are deemed reasonable as capacities to be provided for in the first 
installations. 


TABLE XI 
AVERAGE SEWAGE FLOW 


Average Sewage Flow—Megd.* 


Buetaeion Estimated for |Treatment Wokrs, 

1910 First Installation 
Quarantine..... ck AAS RS SATA BE ae Bi Bo RRO CH oa 0.96 3.0 
NE tree es aS Ud snl oem ce ae Rect es tin ansce wees 2.26 ; 6.0 
st PM es) Pane <i ges Gin wv oss oWewaig okie nels aaly sewed bike vat sts 1.46 4.0 
UNE IT SEERA nk ONS OTR oR ole ned. slates Bier analeteee «car «las. bul ew ch bbralers 2.06 6.0 
EE Mc feilvcictinc pcan a k atala le « nPb eaves sReiaheld Ge ed dis ava Sen bee 6 1.12 3.0 
SINR TRMON CEM egret en a Nore PEO in og eee a ev whe gue hens 7.86 22.0 


* Million gallons per day of 24 hours. 


Disposal of Sludge. The sludge produced in this division may be disposed of in 
various ways. For many years the amount of sludge will be comparatively small. In 
1910 the digested sludge from two-story settling tank installations in the four subdivi- 
sions for which they are proposed might have amounted to 18 tons a day. When the 
capacities of the first tank installations are reached the amount of sludge will prob- 
ably be about 38 tons a day. 

The treatment works in the district are so placed that the sludge can be transported 
by water or rail. It would be possible, therefore, to dispose of it either at sea or on 
land. The presence of two garbage incinerators, both almost directly on railroad lines, 
would make it feasible to burn the sludge and garbage together. Centrifugal dryers 
might be placed at each disposal plant to dry the sludge before transportation, or it 
might be more economical to install such dryers at one or both incinerators and trans- 
port the larger volume of wet sludge to the incinerators in proper cars. 
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There is a large amount of waste land along the railroad line in the northwestern 
part of the island, near Arthur Kill, which would be suitable for filling with the dried 
sludge from the settling tanks. If the sludge were transported hither without previous 
drying it would probably be necessary to establish drying beds near the railroad before 
the sludge could be made available for filling purposes. 

If the sludge is to be disposed of at sea it would be advisable to collect it at one 
or two points, to avoid construction of piers and loss of time in the operation of sludge 
steamers. For the purposes of this report, it has been assumed that all the sludge 
would be delivered wet into tanks located at the Stapleton treatment works, from 
which tanks a sludge discharge pipe would run out on the municipal pier. By this 
plan no new piers would have to be built and the sludge steamers passing out of the 
harbor from other treatment works would have to deviate only slightly from their course 
to serve as carriers for the Staten Island sludge. 


Cost OF MAIN DRAINAGE WORKS 
The estimated cost of the main drainage works proposed in this report, not being 
based on detail designs, are necessarily of a preliminary nature. 
The following tables give a concise summary of the estimated cost of construction 
and of the annual charges for maintenance and operation. The costs of land and rights 
of way are not included. 


TABLE XII 
ESTIMATED Cost OF CONSTRUCTION 








Engineering 

Withe and» | “Total 

ae? Pumping} Outfall Grit Treatment ithout ae ota 

Subdivision Sewers Stations| Pipes Chambers| Works |Engineering, oe Costs 

ete. 8 1 5% H 

Quarantine............. $38,225*| $8,000 56, 000m ct oe $8,000 $60,225 $9,035 | $69,260 
Stapleton: 2.5. s-aeee 62,4307} 10,000 3,000 $3,500 63,000 141,930 21,290 | 163,220 
Livingaton «..),. sae 84,995 6,000 12,600 2,500 42,000 148,095 22,215 |170,310 
West New Brighton.....| 164,305 | 12,000 17,400 3,500 63,000 260,205 39,030 | 299,235 


Hin Parkc25 (0.03 ee 62,125 | 12,000 | 13,500 2,000 | 31,500 | 121,125 18,170 | 139,295 


Whole District... .| $412,080 | 48,000 52,500 11,500 207,500 731,580 109,740 | 841,320 














TABLE XIII 


ESTIMATED ANNUAL CHARGES 























Subdivision ae CHa sed Fixed Charges Total 
Quarétitines ahih.4 esi. ee eee $3,820 $3,505 $7,325 
Biapletoricaay cai siny rel mere, eee ao ean 5,127 8,260 13,387 
Livingston nhl cee ie), ne ae 4,694 8,618 13,312 
Weet New Brahtons.)..5. 4. 0c 0.5 ae eee 7,584 15,142 22°726 
Bil Parke yee e) Peer atin Peete tee 5,742 7,048 12,790 
Whole: District Macwia sigh eRe ae $26,967 42,573 . 69,540 

* Including Force Mains. + Including Siphons t Grit and Screen Chamber. 
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CHAPTER V 
THE JAMAICA BAY DIVISION 


BOUNDARIES OF THE DIVISION 


The territory included in the Jamaica bay division lies in the southeastern part 
of the City of New York. 

The division is bounded by an irregular line following the watershed from 23d 
avenue and Gravesend bay, Borough of Brooklyn, to a point about three-quarters of 
a mile east of Prospect Park, thence northeasterly to the easterly boundary of New 
York City near Creedmoor, thence southerly following the city boundary to the ocean. 
The total area of land to bulkhead line is about 83.8 square miles. Of this area about 


35.5 square miles lie in Brooklyn and 48.3 in Queens. 


GENERAL FEATURES OF THE DIVISION 


The principal topographical features of this division include a natural ridge, 
which forms the northern boundary of the territory, and from which the land slopes 
gradually to low-lying tidal meadows; the large, shallow expanse of Jamaica bay, 
studded with numerous marshy islands and hummocks, intercepted with narrow, 
crooked channels; and, finally, a protective barrier formed by the low, sandy shore of 
the Rockaway peninsula, separating the bay and the rest of the division from the open 
waters of the Atlantic ocean. In places, the low-lying meadows to the north of the 
bay extend for over two miles. Back of the meadows the upland begins and runs in 
a slightly elevated tract, which rises, on an average, four or five feet per thousand, 
until near the northern boundary of the division, where the elevation increases more 
rapidly. 

The Jamaica bay division is partly built up. Parts of it include a thickly settled 
district in Brooklyn, parts consist of separated country villages, parts of strictly rural 
territory, including farms, and parts of large stretches of unprofitable salt marshes. 
Finally, there are some largely attended day summer resorts. 

The population of the whole territory in 1910 was about 366,000, including 13,000 
residents of Brooklyn, now draining to Gravesend bay, which it is proposed to include 
in the Jamaica bay system. The density of settlement, as shown by dividing the pop- 
ulation by the area, gives but a poor idea of the extent to which the division is settled, 
for the reason that there are large, unpopulated sections and some rather densely 


peopled parts. The density thus divisionally determined varies between sixty persons 
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per acre, at a point in Brooklyn, to one in ten acres near the head of Jamaica bay in 
Queens. 


PROBABLE FUTURE OF JAMAICA BAY 


Coney Island and Rockaway Beach, each of which is visited by hundreds of thou- 
sands of visitors on a summer holiday, are in this division. Parts of the division have 
increased largely in population during recent years and are still growing rapidly 
under the fostering operations of real-estate operators. 

The shores of the bay are now devoted almost exclusively to the uses of a transient 
summer population and the waters to sailing, bathing and the cultivation of shell-fish. 

The shell-fish interests of Jamaica bay are extensive. These waters, which first 
became, famous for oyster culture about fifty years ago, are now much used for growing 
oysters and hard and soft shell clams. The beds are located on the bottom and sides 
of the natural main channels. The future development of the bay will make shell- 
fish culture unsafe from the standpoint of disease. 

Unlike the cultivation of oysters and hard-shell clams, which is carried on by 
means of seed brought from elsewhere, the muddy shores of Jamaica bay afford seem- 
ingly endless supplies of soft-shell clams. These clams are free to anyone who will 
gather them. Persons may be seen digging soft clams in practically all parts of 
Jamaica bay during low tides. 

In summer hundreds of small boats ply the waters on Sundays and holidays and 
the water front in those parts of the bay which are most easily accessible are settled 
with crowded communities which live in tents and cottages of an inexpensive nature. 

The future of this division is uncertain, although there is a definite plan for the 
development of Jamaica bay for commercial purposes. This plan, which was proposed 
by a special body created for the purpose, and known as the Jamaica Bay Improvement 
Commission, involves extensive engineering works. It is proposed to construct a sub- 
stantial and regular shore line, deep, wide channels for ocean-going vessels and har- 
bor approaches for the entrance at Jamaica inlet. 

It is also proposed to construct a number of canals on the northern shore, each 
about 300 or 400 feet in width and from 4,500 to 12,000 feet long, extending back into 
the territory at places where natural creeks exist, so as to increase the water front. 
The object of this development is to increase the shipping facilities of New York by 
providing additional wharves, storehouses, terminal facilities and space for the 
handling of vessels. At the present time no business of this kind exists, or is possible, 
in Jamaica bay, owing to the shallowness of the water, lack of railroad facilities and 


storehouse accommodations. 
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As to the future of the beaches known as Coney Island and Rockaway, it seems 
likely that they will long remain pleasure resorts, in spite of any commercial develop- 
ment which will occur in the neighborhood. The situation of Coney Island makes it 
comparatively remote from the shipping centers and the ocean front of Rockaway 
Beach renders it, to a considerable extent, independent of the natural resources of 
Jamaica bay which commercial conditions may destroy. 

It is necessary to carefully consider how the waters of Jamaica bay are now used 
or are likely to be used in future in order to determine the degree of thoroughness with 
which these waters are to be protected from sewage pollution. If the waters are to be 
kept pure enough for bathing, boating and shell-fish culture, a different method of 
dealing with the sewage disposal problem of this division should be followed than if 
the bay is to be devoted to commercial purposes. 

From a careful study of the Jamaica Bay Improvement Commission’s reports it 
seems improbable that the waters of this division could be used both for shipping and 
the other purposes to which they are now put. The development of the bay for com- 
merce would seem necessarily to exclude its use for pleasure; and, conversely, if the 
bay is to be maintained for purposes of recreation, its value will be seriously impaired 
by the developments of commerce. So far as the Metropolitan Sewerage Commission 
can foresee, the future of Jamaica bay will lie along the lines proposed by the Jamaica 
Bay Improvement Commission. It appears that an agreement to develop this harbor 
for shipping has been entered into between the U. S. Government and the City of New 
York; that outline plans have been officially adopted and money appropriated to begin 
the work. 

That the development of the area draining to Jamaica bay will be rapid probably 
will not be disputed. The chief causes for this are: First, the improvements recently 
made, and those in contemplation, by the Long Island Railroad Co. and by the Brook- 
lyn Rapid Transit Co.; and secondly, Jamaica is probably destined to be of consider- 
able importance as the local focus of railroad lines to all parts of Long Island—to the 
west by the Pennsylvania tunnels and to New England by the bridge now under con- 
struction across the East river near Hell Gate. Already large sums of money have 
been appropriated for improvements in this vicinity. 

The effect of this development will be felt all along the branch of the main line 
of the Long Island Railroad which extends east and west near the northern limit of 
the Jamaica bay division. The rapid transit lines and the southern branches of the 
Long Island Railroad will afford quick transportation from nearly all points in the 
drainage area to Brooklyn and Manhattan. 


The projected Jamaica bay improvement already mentioned will provide econom- 
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ical entrance for coastwise and inland shipping. Building material can be delivered 
by water at low shipping rates, stimulating improvements on large areas accessible 
to the water front, which now are unoccupied and of little value. 

It has been proposed to establish a barge canal terminal in Jamaica bay. The 
length of water front and the large marginal areas available cannot be found elsewhere. 
The trip from Norton Point to Rockaway Point via the ocean can be obviated by the 
construction of the Gravesend ship canal, which is understood to be included in the 


project for this section of Brooklyn that has been adopted by the city authorities. 


PROBABLE FUTURE POPULATION OF THE DIVISION 


In planning for the main drainage of this division, it has not seemed best to at- 
tempt to anticipate conditions more than forty or fifty years in advance of the present 
time, for the reason that conditions may arise which will result in an increase or shift- 
ing of population quite different from any that can now be foreseen. A material varia- 
tion from forecast population is more to be expected in the thinly populated and rap- 
idly improving areas than in those where, as in much of the Brooklyn area, populations 
are dense and the conditions which affect growth are well established. For this reason 
estimates for sewerage have been based upon a population in the Brooklyn portion of 
this division as forecasted for 1960, while in Queens the populations are forecasted 
for 1950. 

The expected populations are, for the area lying in 


Brook Lyn oso is 6 nea he hg cel titty ni aes ieee on ells iaedn waka tae 884,100 
QUICETIE 6 oh iia ok Siecle Se aoe ee te i eee ee eee 531,600 
Total population planned for............... 1,415,700 


GENERAL OUTLINE OF THE PROPOSED PLAN 


An outline of the plan which is being worked out follows: 

The sewage is to be collected by the separate system, so far as possible. Where 
this is not feasible the sewage provided for is confined to the dry weather flow. Allow- 
ance is made for an unavoidable inflow of ground water. 

Where sewers have been constructed on the combined plan, it is proposed to inter- 
cept the dry-weather flow and provide storm water overflows above the points of inter- 
ception. In this way a certain amount of house sewage mixed with storm water will 
pass to the bay during storms, but the amount which will enter in this way will be so 
small in comparison with the diluting water that no objectionable conditions are to be 
apprehended from this cause. 

A serious consideration is the street filth and grit which will be carried down with 
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the surface water. This might seriously pollute and form deposits in the bay. The dis- 
solved organic matter will be taken care of by the large volume of water with which it 
will be diluted, but the floating solids and grit should be removed by screening and grit 
chambers placed near the outlets of the more important storm water drains. 

The projected long canals mentioned earlier in this report will be most difficult to 
maintain in an unpolluted condition. There will be but little flow through them and 
practically no flushing effect from the tides. These long canals may become nuisances 
similar to Gowanus canal and Newtown creek, unless proper measures are taken to 
protect them. 

The entire area can be divided into two subdivisions termed respectively the East- 
ern Jamaica subdivision and the Western Jamaica subdivision. Each will have a dis- 
tinct system of collection and disposal. 

The Western Jamaica subdivision will be the larger. It will collect the sewage 
from a population of 1,192,400 in 1960, located on about 49 square miles lying north 
of Jamaica bay and west of Cornell creek and east of Ulmer Park. The sewage from 
this territory may be expected to amount to as much as 166 million gallons per day in 
1960. It will be delivered to a pumping station to be located near Flatbush avenue 
and Avenue X. From this point it will be pumped through force mains to Barren 
Island, where it will be treated, and the effluent discharged through submerged out- 
lets into Rockaway inlet. Tor outlet island alternative project, see page 97. 

In the Eastern Jamaica subdivision there will be about 38 million gallons of sew- 
age collected daily in 1950. This will be from a population of 223,300 on the 27.4 
square miles of Queens, which lie to the southeast of Cornell creek. This Eastern 
Jamaica subdivision is divided into two separate areas, one in Queens and one in Nassau 
County, which borders the head of the bay. The sewage from these is collected sepa- 
rately but carried to a common treatment plant on Jo Cos marsh. The northerly area 
is expected to contribute 21.6 million gallons of sewage per day from a population of 
111,800 distributed over 19.6 square miles of territory, while the southerly area, com- 
prising Far Rockaway and the Rockaway peninsula, is expected to contribute 16.5 mil- 
lion gallons per day from a population of 111,500 on 7.8 square miles. 

From the northerly area the sewage will be brought to a pumping station near the 
Rockaway turnpike and Springfield road; and on the southerly area collecting sewers 
from the east and west will collect the sewage to a pumping station near Rockaway 
boulevard and Lucia avenue, Edgemere. From the pumping stations the entire 
volume will be pumped through submerged mains to a plant where the sewage will be 
treated on Jo Cos marsh. The effluent will be discharged into Broad channel. 


The operation of the treatment works to be located at Barren Island and Jo Cos 
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marsh will be restricted to house sewage, with such manufacturing wastes as it may be 


found best to admit into the sewers. 


Western Jamaica Subdivision 


It is intended that the intercepting sewer of this subdivision, called the Flatlands- 
Jamaica interceptor, shall start with a diameter of 5 feet 4 inches in the Old South 
road north of the present Jamaica Disposal Works. It will pass under the sewer from 


Jamaica and intercept the sewage from that division. 


The sewage from the low-lying area to the south will be collected at the present 
disposal works for Jamaica. This station will then be converted into a pumping plant, 
and the sewage will be pumped into the interceptor. At Panama street the inter- 
cepting sewer passes under the Panama street sewers; then under the Brooklyn aque- 
duct, the location of which controls the elevation of the interceptor. At the borough 
line and Cozine street the diameter is to be 86”. The sewage collected at the present 


East New York disposal plant is to be lifted into the interceptor in Vandalia avenue. 


Assuming that Fresh creek will be dredged for purposes of navigation, it will be 
best to cross under the creek by a siphon rather than carry the interceptor by a long 
detour around the head of the proposed basin. 

At the head of Paerdegat basin, as well as at Hendrix street, the existing storm 
drains will pass over without interfering with the flow by depressing the arch of the 
interceptor, but the domestic sewage collected at this point will have to be pumped 
into the interceptor. On Avenue T, between Ralph street and Flatbush avenue, the 


diameter is to be 14’4”. The invert is to be about 16 feet below mean tide level. 


At Avenue V and 11th street, Bensonhurst, a pumping station has been built to 
pump the sewage of the neighborhood to the 92d street outlet near the Narrows. The 
sewer leading to this outlet eventually will be too small, and it is proposed to divert 
this sewage by means of a sewer, called the Gravesend interceptor, to the east when 
conditions require the change. The sewers will increase from 4'0” to 73” diameter, 
and meet the interceptor from Jamaica at Flatbush avenue. The present Coney Island 
sewage disposal plants will be abandoned or utilized as pumping stations, delivering 
sewage to pumps to be installed at Ocean Parkway near Avenue W. The sewage deliv- 
ered to the pumps at the present Shellbank creek plant will be pumped to the inter- 
ceptor. 

From Avenue T the sewage will flow through twin sewers about 10’3” square to 
the main pumping station. Here centrifugal pumps of capacity to lift 350 million gal- 


lons per day 35 feet will be installed. This is the only pumping station required on 
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the line of the interceptors. Two 7’2” force mains will then convey the sewage to the 
disposal plant at Barren Island. (See Plate III.) 

Barren Island is a most suitable point at which to treat and dispose of the sewage. 
The sewage will be carried to this point by what is called the Barren Island force 
main. The area of land here is ample; the land belongs to the city; garbage reduction 
works are already located there; there are no residences in the vicinity except for 
the workmen employed at the reduction plant; the land is of suitable elevation and be- 
lieved to furnish, below the surface mud, good material for foundations; it is accessible 
for transportation by water; on the south it forms one shore of Rockaway inlet, which, 
on account of its depth, swift currents and proximity to the ocean, furnishes a suitable 
body of water into which to discharge the effluent. 

The degree of purification that will be required is not known at this time. A rough 
computation indicates that if all the sewage which would naturally drain to Jamaica 
bay by 1960 were thoroughly diffused therein the sewage would, under ordinary con- 
ditions, be diluted by about 147 volumes of water at times of low tide. This would be 
about six to seven times the amount of theoretical dilution required to provide suffi- 
cient oxygen to digest the organic matter during the summer months, the most unfa- 
vorable of the year. 

As this ideal condition cannot be relied upon, treatment to remove the grosser 
solids and a certain part of the dissolved impurities must ultimately be provided. In 
order to show approximately the cost of the works when this territory shall have be- 
come occupied to the extent above described, it is assumed that the sewage will then 
have to be subjected to clarification in settling tanks and further treatment by 
sprinkling filters and settling basins. About 100 acres of land will be ultimately re- 
quired for the entire plant. 

The effluent from the plant will flow through four submerged pipe lines and dis- 
charge in the deep water of Rockaway inlet. The inoffensive sludge from the settling 
tanks can be used for many years to fill in marsh lands near the plant, or, if preferred, 
it can be dumped at sea. 

The estimated cost of construction of this system for the full future estimated pop- 


ulation is: 


AREER TATED, Looe so hoes iuih ie eR net tens es oi is dicthga wes ghee Got 75,450 lin. ft. $4,321,660 
SEUUAES TM 5 SR UR aa 8 ES A eg oe ge be hy Ue ah 77,600 
nee SUALIODA, a+. d< as manele coats Sos celee van go tees 5 755,600 
MER ASICS ae. 2 c,h 018 cai c oe Wwe Me Sas As lo ade. Gale ois Sey > 94007 = = 356,200 
PPP SR IINGIG DIATE. 5) sists cee hon mtb lek tabeas al tocar o.c s se'ste ema bery onee ets 4,623,100 
POSSE AE PUDCR:. sie. hrc eames PR ENE dbes sal sds oto heatnce dw wickaiay 3,000 * “ 154,150 
RCBNLANONCIOR 2 ky, lc cis) CPE eS vie iets A. von wa nse 18% 1,541,690 


Total costs... 25; cater ea tat eke eta elses Seeds os $11,830,000 
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This sum need not all be expended at once, but those portions built should be in 
accordance with the complete plan, so far as practicable. The construction of some 
parts of the pumping plants, siphons, treatment plant and outlet pipes can be deferred 
for many years. 

The area now draining to Paerdegat and the 26th Ward and Jamaica disposal 
plants require immediate relief. This relief will probably have to be met in part by 
temporary measures. It is desirable that plans for this portion of the interceptor lead- 


ing to Barren Island be prepared and the work constructed at the earliest opportunity. 


Hastern Jamaica Subdivision 


The northern or Springfield collector starts at the intersection of the Herrick 
Plank road and Springfield road with a size of 2’2’’x3’3” and runs southerly through 
Springfield to the Rockaway turnpike, where the diameter is 4’6”. Here there will be a 
pumping station provided with centrifugal pumps of sufficient capacity to lift 40 mil- 
lion gallons per day 77 feet. The sewage of the entire subdistrict will thus be conveyed 
across the intervening marshes and under the proposed channel for navigation to the 
Jo Cos marsh disposal plant through a force main 33” in diameter, called the Spring- 
field force main. (See Plate III.) 

The Rockaway collector will start with a diameter of 21” near Belle harbor, 
where it will receive the sewage from Rockaway Park and the west from a pumping 
station located near Fifth and Newport avenues. 

Running easterly along Rockaway boulevard, with pumping stations at Seaside, 
Hammels and Arverne, it will reach, with a diameter of 45”, a main pumping station at 
Edgemere. On the east, sewage collecting at the present Far Rockaway disposal plant 
will be pumped through a 12” cast-iron force main to Mott avenue and Sheridan boule- 
vard from which a gravity collector, increasing in size from 30 to 36 inches, will run to 
the Edgemere pumping station. At Channel avenue this collector receives, from a 12” 
force main, the sewage collecting to the existing ejector station near Ocean and Chan- 
nel avenues. 

The Edgemere pumping station will be provided with centrifugal pumps of 
capacity to lift 30 million gallons per day 40 feet. The sewage of the entire southern 
part of this subdivision will thus be carried by a 30” force main to Jo Cos marsh, 
crossing under the proposed channel for navigation on the way, and called the Rocka- 
way force main. ) 


Jo Cos marsh has been selected as a suitable location for treatment works, as it 
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is at present waste land and centrally located with reference to the drainage area. It 
is at the same time a good distance from improved property. Finally, it is adjacent 
to the junction of Hassock creek and Broad channel, which provide as favorable con- 
ditions for dilution as are to be had at the upper end of the bay. The currents de- 
pend largely, however, upon the wind. The oscillations of the tide are not sufficient 
to dispose of a large volume of putrescible sewage. The plan provides for the sewage 
to be given thorough treatment by settling tanks, sprinkling filters and settling basins. 
The works will cover about 30 acres of ground by 1950. 
The effluent will be conveyed by two outlet pipes 42” in diameter, one to Hassock 
_creek and one to Broad channel. The sludge can be used to fill marsh lands or it can 


be dumped at sea. 


The estimated cost of construction of this system for the full estimated future pop- 


ulation is as follows: 


CICLO HOTS 6 1555. eal, Sac ae ch OOP cae REUSED Poet OR VO CER Ce 40,025 lin. ft. $511,000 
SCRIP U ALTOID Raat ses kL naan a viciniee 4 sah entacévavoes it 79,600 
TMGROS TENDUTIEG 2.4 dcrgia cag Oe GO Gece Care on eC ee a ns eae Pengfedsy GE OS 330,070 
mM EDI yee ey MeN eh ame es Se Mca e e ls ine 4. eset alee a 1,061,340 
PMR ier od gehcld o) tah os akeain’s 49h oh 9 Cw Ale eae SB a00 liek 90,000 
(LSS SE god 2a ag 15% 310,990 

SROTAICOSUN IRE TN paces coisennie hia de dies irae e Megs dieaes $2,383,000 


Much of the cost can be deferred for an indefinite time. Such portions as are 
necessary to care for the sewage of Rockaway and I’ar Rockaway should be provided 


at an early date. (See Plate IV.) 


SUMMARY 


Following is a summary of the more important data concerning the proposed 


sewerage of the Jamaica bay division: 


To To 
Barren Island Jo Cos Marsh Total 
WIROW EERIE ROCEOD Coie sciences ae ced nee Wetec ee eee 35,739 17,920 53,659 
OUTS LL RSVIGA 0 So) igi a a gee 1,192,400* 223,300** 1,415,700 
Mean volume of sewage—million gallons daily................000005 166 38 204 
Seamer SIS ms, iva thn viele ches aa woo eRe E vale $11,830,000 $2,383,000 $14,213,000 
Annual charges including interest at 43% and sinking fund for 50 years $964,643 $239,980 $1,204,623 


*Estimated for year 1960. 
bt S . “ 1950. 


ALTERNATIVE PROJECT FOR DISPOSAL OF THE SEWAGE OF THE WESTERN JAMAICA SUB- 
DIVISION AT SEA 

The sewage from the Western Jamaica Subdivision may be carried to the outlet 

island in connection with that from portions of the Lower East River, Hudson and 


Bay Division (see Chapter VI, page 134). Omitting the sewage from Jamaica, on 
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account of its distance from the main sewer, the cost of construction would amount to 
$4,072,000, the annual charges for maintenance and operation $80,362 and the total 
annual charges, including interest and sinking fund, $286,402. See Plate V. 

The interceptors would then provide for 122 million gallons of sewage that might 
be expected from a population of 884,000 persons by the year 1960, but pumping and 
treatment plants would be provided only for the 47 million gallons per day that might 
be expected in the early future from this territory. 

In this way the large outlay for a disposal plant on Barren Island, the Flatlands 
pumping station and the force main between the two, amounting to over $5,500,000 in 


the project outlined above, would be unnecessary. 


PLATE III 
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CHAPTER VI 
LOWER EAST RIVER, HUDSON AND BAY DIVISION 


Briefly, the works which the Commission’s studies indicate should be constructed 
to protect the waters of the Lower East river, Hudson and Bay Division consist of in- 
tercepting sewers to collect the sewage, screening plants to remove the coarser solids, 
and submerged outlets to discharge the effluent into the main tidal channels at 
a distance from shore. Should this form of treatment prove insufficient for the Lower 
Bast River Section, it will be desirable to remove a large part of the sewage tributary 
to the Lower East river by means of a tunnel discharging at an artificial island at sea 
about three miles off the Coney Island shore. If the sewage is to be carried to sea, 
Dortmund tanks should be constructed upon the island and the sewage subjected to 
sedimentation for a period of about two hours. After this short and inoffensive treat- 
ment the sewage can be discharged into the ocean with confidence that the putrescible 
matters will be promptly rendered inert. 

The Commission’s studies of the Lower East river situation have been examined 
critically by five eminent sanitary experts whose reports will be found in Part ITI, 


Chap. I, page 155, of this report. 


BOUNDARIES AND TOPOGRAPHICAL FEATURES 


The territory in the Lower East river, Hudson and Bay Division lies on both sides 
of the Lower East river, the west side. of Manhattan and the east side of Upper New 
York bay. It extends from the extreme northwestern boundary of the city to below 
the Narrows. 

It contains the largest population, and the most densely settled sections of any of 
the four divisions into which the Commission has divided New York for the purpose 
of planning the main drainage and sewage disposal works which will be required. 
Within it lies the major part of the Boroughs of Manhattan and Brooklyn, which 
were separate cities until 1898. 

This division is bounded on the east by a line which begins at Bensonhurst on 
Gravesend bay, runs in an irregular course northeasterly to Forest Park, in the Bor- 
ough of Queens, and thence northwesterly to the East river near the mouth of the Har- 
lem river. All of that part of Brooklyn and that part of Queens which lie to the west 
of this boundary line are included in the division. Crossing the East river the bound- 
ary enters upon Manhattan Island at East Eighty-second Street, proceeds north- 
westerly to Central Park West, which it crosses at Ninety-first Street, and thence fol- 
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lows an irregular northerly Gireeen along the height of land to the Harlem river at 
Spuyten Duyvil. That part of Manhattan, which lies to the south and west of the 
boundary so described, lies in this division. A small part of the division borders on 
the Hudson between Spuyten Duyvil and Yonkers. The western boundary of the divi- 
sion is formed by the Hudson river, Upper New York bay, the Narrows and a part of 
Gravesend bay. 

In the northern and southern parts of this division the topography is favorable to 
drainage, but there are large areas near the center which are so low and flat that the 
construction of sewers with sufficient grades to insure self-cleansing velocities and 
outfalls so situated as to provide for a free discharge at all stages of tide is impossible.* 

Made Land. Many of the sewers in Manhattan feel the effect of the rising and 
falling tide for a considerable distance from the shores, in some instances, for over 
one mile. The worst cases of this kind are usually ascribable to the inadequate filling 
of low-lying or submerged areas such as the beds of creeks and the once marshy shores 
of water courses. A remarkably regular shore line, made by filling in Manhattan, is 


shown on modern maps. 
TABLE XIV 


ACRES OF FILLED LAND IN L£HIS DIVISION 














Borough Acres 
Manhattan vice soca ceisig o's 555 2 we oaks “oR ao ea alee ee a re ee 1,140 
Brooklyn.) 60s i e.c adie «oo Sphese taste ok ah a Ee, Gn en et 1,520 
Qibee nis oa as 5h ow aie led aia als wk unbn ve BEDS aL 8 Rate Ae ee es OS 460 


Tota ee, Love ra cee oe Pe ee vaste rele eet ata er ne ae 3,120 











The filling has been largely, but not entirely, done along the water front. From 
82nd Street on the Hudson river, southward, to the Battery, and thence northward 
along the Lower East river to 33rd Street, Manhattan, the marginal street is entirely 
on made land, the total length of shore so recovered being ten and one-half miles. In 
many instances the made land extends some blocks back from the river front and in 
the neighborhood of Canal Street, Manhattan, it runs across the island, a distance of 
nearly two miles. 

On the Brooklyn shore, the made land extends from a point north of Newtown 
creek to near 45th Street, South Brooklyn, a distance of eight miles. The Brooklyn 
Navy Yard is entirely on made land. A large area in the neighborhood of Red Hook 
and Gowanus canal, Brooklyn, has been reclaimed by filling. 

The growth of made land has been gradual. It has increased with the increasing 
size of the city. The chief object in filling in the low-lying places has been to elim- 


*For data as to topography, residence and business sections, approximate land values, and populations, see 
Plate IX, following page 138. 
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inate Swamps and marshes and make the area of ground available for trade and com- 
merce more extensive than originally existed. At the same time the filling has proved 
a convenient means of disposing of refuse. 

If cellar earth and other suitable refuse material were utilized in filling in the 
Swamps and meadow lands which exist in the outlying parts of New York City, the 
shore lines in parts of the harbor estuaries which are now seriously polluted would 
soon be straightened and the water would be more easily kept clean than under the 
| existing circumstances. 

To facilitate the filling in of the low-lying shores, the Harbor Line Board, com- 
posed of engineer officers of the U. S. Army, which has charge of maintaining the 
navigable channels of the harbor, has established lines for solid filling. These lines 
extend throughout the harbor and give a good idea of the plans to which future opera- 
tions of filling will probably conform. 

The land which lies in this division at elevations within twenty feet of mean sea 
level includes all the filled land and also some additional areas, mostly in Brooklyn 
and Long Island City. A broad belt runs from the head of Newtown creek to the vicin- 
ity of the Brooklyn Navy Yard. The total area below twenty feet elevation in this 
division is about 3.3 square miles in Manhattan; 6.5 square miles in Brooklyn and 2.9 
square miles in Long Island City. Seventy-three per cent. of all the land in this divi- 
sion is of more than twenty feet elevation above mean tide. In Manhattan the high 
land lies for the most part near the center of the island. The highest point is some- 
what above 200 feet, and is situated north of Dyckman Street. There is no point above 
sixty feet elevation further south than 33rd Street. 

In Brooklyn the land which lies at an elevation above sixty feet, exists chiefly in 
the eastern part of the division, where a well recognized ridge runs in a northeasterly 
direction from the vicinity of the Narrows. Elevations of 100 feet or more frequently 
occur on this ridge. 

Tidal Range. The difference between mean sea level and mean high water is one- 


half the mean tidal range as given in Table XV. 


TABLE XV 
RANGE OF TIDE IN NEw YorK HARBOR 
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Geology. The superficial geological formation of this division is recent except for 
a small, low-lying area of stratified drift in and near 125th Street. The surface of 
Manhattan island as far south as 23rd Street is composed chiefly of mica schist rock. 
South of 23rd Street the rock disappears, and stratified drift predominates. 

In the Brooklyn part of this division drift exists on each side of the central ridge, 
the ridge itself exhibiting the features of a terminal moraine with till on the western 
slope. Swamp and marsh lands exist to a limited extent, and then only in that part of 
Queens which lies in this division. 

Value of Land. The most valuable land in this division lies in the central and 
southern parts of Manhattan. It is a peculiar fact that whether for business or resi- 
dence purpose, the most costly land lies along the center of the island. At the southern 
extremity is the financial district. North of this is the City Hall with the central post- 
office, numerous newspaper offices, the principal law courts and municipal administra- 
tive headquarters. Next above follows the wholesale dry goods center, then the region 
of retail shops, hotels and theaters and finally areas of high-class private residences and 
apartment houses which extend to the northern limits of this division. From this cen- 
tral zone east and west to the river fronts lie areas occupied by factories and resi- 
dences, the latter ranging from modest dwellings to congested tenements. 

In Brooklyn the water front is chiefly occupied by large factories and warehouses. 
The most crowded residence district and the center of financial administrative activity 


lies in that part of the borough which is opposite the southern end of Manhattan Island. 


THE EXISTING SEWERS—THEIR OUTFALLS AND RESULTING NUISANCES 


Practically the whole of this division is sewered on the combined principle of 
sewerage. 

In addition to the sewage which comes from the storm water of the streets and 
from the interior of the houses, the sewers of Manhattan and Brooklyn are required to 
carry away the water which falls upon the roofs, yards and courts of the buildings. 
The connections are trapped in order that the air from the sewers shall not enter the 
houses. The plumbing of the houses is ventilated by extending the soil pipes to the 
roofs. 

In many cases, especially in Manhattan where the cellars of large buildings are 
deep, it is often necessary to pump the sewage into the street sewers. This is done at © 
private expense. | 

Relief Sewers. In most of Manhattan the sewers, which are large and short, 
have generally proved adequate to the requirements of the growing population; but 


in Brooklyn much trouble has been experienced from the insufficient provisions which 


LOWER EAST RIVER, HUDSON AND BAY DIVISION 103 


were early made for drainage. The first sewers were built when the populations which 
they were required to serve were small and scattered, and when a comprehensive Sys- 
tem of sewers was built between 1850 and 1860, the rainfall data were inadequate to 
permit designers fully to understand the requirements. With the increasing popula- 
tion the original sewers have been supplemented by large and expensive relief sewers, 
and these in turn have had to be assisted in some cases by the construction of inter- 
cepting sewers for the collection and removal of storm water. 

The sewers of Manhattan and Brooklyn are of many shapes and sizes. Among the 
older sewers of Brooklyn are many storm drains whose courses are not known. The 
older sewers are generally circular in shape, and when over twenty-four inches in 
diameter are of brick or concrete. Clay and cement pipe have been extensively used 
for the smaller sizes. Since 1907 the principles of design and construction have been 
much improved in Brooklyn. 

Most of the sewer outlets on the Manhattan shores are between two and five feet 
in diameter, but there are some which have a section equivalent to a circle having a 
diameter of ten feet and more. The outlets on the Brooklyn shore are somewhat less 
numerous and some are larger than the largest of Manhattan, having a section equal 
to a circle with a diameter of fifteen feet. 

Many of the sewers of Manhattan were built many years ago. They represent 
various periods of growth due to the introduction of public water supplies and other 
causes and have been extensively reconstructed and repaired within recent years. 

Throughout this division the sewers are provided with catch basins at the street 
corners which were intended to convey the storm water from the gutters and protect 
the sewers from grit and other solid substances. 

Ventilation. It was intended that the sewers throughout this division should be 
ventilated through perforations in the manhole covers located at frequent intervals 
in the street. In most parts, notably in the older sections near the water front, the 
ventilation is defective, partly as a result of the settlement of the sewers, the entrance 
of tide water and the submergence of the outlets. Nuisances frequently result where 
steam and hot water are discharged into the sewers, since hot vapors rise and issue 
through the manhole covers disseminating odors of cooked sewage. 

Outlets. The outfalls of the sewers of this division, as elsewhere in the metro- 
politan district, are located at the bulkhead or shore line or, frequently in Manhattan, 
near the outer ends of the docks and piers. 

The submergence of the sewer outfalls, as at present, and the rising of the tide 
drive the foul air into the streets and produce coatings of grease and solids upon the 


sides of the sewers, and this interferes with the flow of sewage. So much deposit is 
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produced in some of the sewers that a cleaning gang, working continuously, can make 
no appreciable reduction in the depth of the deposit. Congealed grease has been 
found to measure as much as a foot in thickness in some of the sewers of Manhattan. 

Physical Condition. ‘Inspections of the sewers made by the Metropolitan Sewer- 
age Commission with the co-operation of the Bureau of Sewers of the Borough Pres- 
ident of Manhattan have revealed many examples of distorted shapes, worn out in- 
verts, sunken arches, and cracks due to settlement. In many places irregular holes 
had been broken through sewers in making connections, and the holes never properly 
repaired. It was impossible to enter some of the sewers for inspection owing to steam 
and hot water escaping from neighboring buildings. Other sewers could not be entered 
on account of the presence of illuminating gas in such quantities as to endanger 
health. In other areas, lanterns could not be carried into the sewers on account of 
gasoline vapor, presumably from automobile garages or other establishments using this 
explosive compound. 

In Manhattan the sewers are inspected and cleaned only on complaint. The sewers 
are not flushed, but are cleaned by hand. Street sweepings are frequently pushed into 
the catch basins against orders in Manhattan and Brooklyn. 

Catch Basins.. The effect of the catch basing in removing solids from the sewage is 
comparatively slight. They soon become filled with grit and other solid matters. To 
be of material use, they should be cleaned after nearly every storm. This is not done. 
The records for the year 1909 show an average of one cleaning for each catch basin in 
Manhattan every 5.3 months. This does not mean that all the 6,348 catch basins in the 
borough were cleaned. Some were cleaned out at comparatively frequent intervals 
and others were not cleaned at all. 

In the year 1907 the catch basins in Brooklyn were cleaned on an average about 
21% times a year and the quantity of deposits removed aggregated 35,272 cu. yds. The 
cost of removing this material was $1.12 per cubic yard. The incompleteness and 
great cost of removing solid matter from sewage by the use of catch basins can be 
readily understood from these figures. 

Large quantities of solid matters which pass the catch basins are deposited in the 
sewers themselves and are eventually removed by hand, washed out by the flood water 
of storms, or carried away through the alternate choking and flushing action which is 
produced by the rising and falling tide. 

About 400,000 cubic yards of deposits are dredged each year from the slips and 
docks of that part of Manhattan which lies in this division by the Department of Docks 
and Ferries and large quantities are also dredged by private enterprise and from the 


Brooklyn shores. It is generally conceded that this solid material comes chiefly from 
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the sewage. The water from which the deposits are taken is often black and offensive 
and gases of putrefaction rise in innumerable bubbles from the deposits at the bottom. 
During flood currents the sewage matters are driven back into the slips and in this 
quiet water some of the solid matters are deposited. On the outgoing tide grease and 
excreta are left adhering to the dock walls and piers. In the immediate vicinity of the 
outfalls the water is discolored and objectionable in appearance and odor. In some 
cases many acres are rendered turbid by the sewage. 

Nuisances.. Extensive nuisances occur in this division at various points along the 
Brooklyn and Manhattan shores. Gowanus canal, Wallabout bay, Newtown creek, the 
foot of Broad Street, Oliver Street and Fourteenth Street are the most conspicuous. 
The bodies of water affected are actually large, although small in comparison with the 
great areas of the main divisions of the harbor. The condition of Gowanus canal, into 
which a 15-foot relief sewer as well as some eight other sewers ranging from 114 to 614 
feet in diameter discharge, has been notorious for years. The water is black and foul- 
smelling at all times and the sides of the piers, bulkheads and masonry structures are 
coated with deposits. As a means of improving this canal, the Borough of Brooklyn 
has constructed a flushing tunnel which leads from the head of the canal to an outlet 
in the Upper bay. Pumps force the water from the head of the canal through the 
tunnel, which is 6,270 feet long and 12 feet in diameter. The outlet is about 2 feet 
below low tide and is situated close to the shore between two long piers. The water 
in the vicinity of the outlet is strongly discolored when the pumps are in operation, 
the discharge from the tunnel being visible at times in the water after it has been 
earried by the tide for a distance of more than a mile. 

Wallabout bay in the Lower East river is polluted by a 9-foot sewer which dis- 
charges at the bulkhead line. The point of discharge is so protected from the tidal 
currents that a satisfactory dispersion of the sewage cannot take place. The bay is 
exceedingly offensive at all stages of tide, the bottom being covered with putrefying 
sewage sludge and the top with sewage apparently in an undiluted state. These ob- 
jectionable conditions are in front of the New York Navy Yard. 

Newtown creek, which empties into the Lower East river from a low-lying manu- 
facturing district north of Brooklyn, is an offensive body of water. It supports a heavy 
traffic. Considerable quantities of manufacturing wastes are discharged into the creek 
from warehouses, elevators and factories, which line both banks. Some sewage empties 
into it, although the further pollution of this stream is prohibited by law. A 15-foot 
sewer, constructed through the joint action of the Boroughs of Brooklyn and Queens, 


empties into the head of Newtown creek and although this sewer was intended to ac- 
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commodate storm water only, the dry-weather flow being diverted, considerable pollu- 
tion is ascribable to it. 

The condition of the waters of the Lower East river as regards oxygen is described 
in this report, Part IV, Chap. VI, page 641, and Part III, Chap. I, page 184. 

There are no figures available to show the total cost of the sewers which exist in 
this division. It has been estimated that those of Manhattan exceeded $26,000,000, 
and it is believed that those of Brooklyn have cost about an equal sum. There are 


about 522 miles of sewers in Manhattan and about 814 miles of sewers in Brooklyn. 


POSSIBILITY THAT THE SEWERS OF MANHATTAN WILL HAVE To Br REBUILT. 


It has seemed to those charged with the duty of maintaining the sewers of Man- 
hattan, as well as to consulting engineers who have been called upon to examine into 
the subject, that it would eventually be necessary to reconstruct a large part of the 
existing sewers of Manhattan. 

The chief reason for reconstruction lies in the need of repairs and the harm done 
to the sewers from the building of underground structures of various kinds, as, for 
example, passenger subways, conduits for electric light, telephone and telegraph and 
pipes for water, gas, steam and pneumatic mail service. As the city is entering upon 
extensive subway construction, it may be well to consider whether the interferences 
which now exist or are to be expected will not cause so much expense and make the 
sanitary removal of the sewage so difficult that a reconstruction of the sewers will be 
a practical necessity. If the sewers are to be rebuilt, this fact should be known and 
preparations for it made at once so that such saving as can be effected in the cost of 
temporary alterations can be accomplished. 

Right of Way of Sewers. Of all the many structures beneath the city’s streets, it 
is most important that the sewers should have the right of way. Unlike pipes for 
water, gas or electricity, which operate under pressure, sewers, whose flow is due alone 
to gravity, must be laid to proper grade and alignment or they will not operate properly. 

To be self-cleansing, sewers should maintain a certain velocity of flow and any re- 
duction in the grade which checks the velocity will lead to deposits. Short turns and 
bends and changes in the cross-section also alter the flow and interfere with the proper 
function of the sewer. 

When it is remembered that sewerage systems should be well designed and con- 
structed; that they are built under the ground in a manner which is intended to be 
permanent and durable; that they cannot be altered in size, shape, grade or location 
without harmful consequences; that their function is to carry off promptly and com- 


pletely the most offensive and dangerous wastes of a city, the claim of the sewerage 
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system for right of way beneath the streets appears to be fully justified. That this 
claim has not been respected is a regrettable fact. In defiance of the officials charged 
with the duty of maintaining the sewers, they have been moved from place to place, 
pierced and damaged in many ways. Instead of being used for the purposes for which 
they were built, the sewers have been abused by the discharge into them of harmful 
manufacturing wastes, hot water and steam and been rendered dangerous for inspec- 
tion by the illegal emptying of gasoline and other inflammable compounds. 

The structures which interfere with the sewers are located at depths which range 
from that of the shallow conduits which carry the current for the surface railways to 
that of the passenger subways. The passenger subways form a Serious obstruction. 
They are situated as close to the surface of the street as practicable in order to facil- 
itate entrance and exit and they require over 20 feet of depth. For the most part, the 
subways, like the water, gas and other large mains run longitudinally through the 


island and the sewers in seeking their outlets to the rivers run perpendicularly to them. 


Interference from Subways. The first subway for passengers was built on a line 
which divided the sewerage systems of Manhattan into approximately two equal 
groups, the subway following along the axis of the island for most of its length. The 
interference with the sewers was, in this case, as slight as possible, it being feasible to 
cause the sewage to flow in many instances with but little alteration of the sewers to 
a convenient point of discharge to one of the nearby rivers on the east or west side of 
the island. But other subways which have been designed will run in lines nearly par- 
allel to the first and will divide the sewers further. There will be no easy readjust- 
ment possible, as in the first case, for there will be a central area which will be blocked 
off by the subways from the river on either side. In order to carry the sewage past 
these new subways, it will be necessary to make extensive reconstructions. It will be 
necessary to collect the sewage to more or less suitable points in the areas between the 
subway lines and then conduct it by siphons beneath the subway structure to points 
from which it can flow away by gravity. The alignment and grade of the sewers will, 
in many cases, be seriously interfered with. The siphons, which should be capable of 
being emptied, inspected, repaired and cleaned, will be costly to build and, when of 
considerable depth, difficult to maintain. Sewage which now flows directly across the 
island will have to be diverted so as to run for considerable distances longitudinally, 
with the result that there will be a tendency to loss of velocity and formation of 
deposits in the drains. 

Need of Repairs. An important argument for reconstructing the sewers of Man- 
hattan lies in the need for repairs. Inspections made by the Metropolitan Sewerage 


Commission have shown that some of the sewers, and especially the older ones, are in 


108 PLANS FOR THE PROTECTION OF THE HARBOR 


dangerous condition. Of 246 inspections, 38, or one-sixth, showed places where the 
sewers will have to be rebuilt within a few years on account of defective brick work 
alone. These locations exist along the whole length of the island. Of the 522 miles of 
existing sewers in Manhattan, 55 miles are seriously out of repair. To repair these, 
would involve an outlay which could more profitably be spent on new construction. 

Separate vs. Combined System. If the sewers were reconstructed, it is the opinion 
of many engineers that they should be built upon the separate system. Drains for 
storm water should be laid close to the surface of the streets and should be large and 
have ample grades to carry off much solid matter. When street washing, which is 
rapidly coming into favor, becomes general in the city, the quantity of grit and other 
solids to be removed by the sewers will increase. To a great extent the storm sewers 
should be made to carry off snow. Storm sewers should be built without catch basins 
at the street corners and should lead to central points where grit and other heavy 
materials can be removed before the sewage is discharged into the harbor. The elim- 
ination of the 14,000 catch basins which now exist would be desirable. 

Sewers for house drainage should be laid so far beneath the surface of the streets 
as to permit the sewage to flow into them by gravity. They should be sufficiently deep 
to pass clear of all other subterranean structures. The comparatively small size which. 
the sewers for house sewage would require would permit them to be located, even in 
congested streets, so as to give good alignment and grade. The sewage would thus be 
more promptly carried away than under present circumstances. In general these 
sewers would run perpendicular to the subways, crossing under them and delivering 
at suitable places into interceptors for conveyance to sewage disposal works or pump- 
ing stations. 

Objections Against Reconstruction. The objections to the reconstruction of the 
sewers of Manhattan lie in the expense and inconvenience which the reconstruction 
would directly and indirectly entail upon the public. Almost all the streets of the city 
would require to be opened and the large quantities of earth and materials of construc- 
tion would have to be handled without stopping vehicular traffic where the alterations 
were going on. The plumbing of over 150,000 houses would require to be altered so 
that the proper sewer connections could be made. 

It is not clear how the storm water sewers, which should be laid close beneath the 
surface of the streets could escape the underground trolley conduits above, and the 
passenger subways beneath, in the longitudinal highways. There should be no siphons 


on these storm water drains, 
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QUANTITY AND COMPOSITION OF THE SEWAGE 


The quantity of the sewage produced in this division can be estimated from a 
knowledge of the water consumed and the rainfall. But few of the sewers have been 
gauged and exact measurements of their flow are not available. As compared with 
many cities, especially those of Europe, the volume of sewage is large and its composi- 
tion variable. It is, for the most part, remarkably fresh when discharged, owing to the 
short distance, and consequently brief time, consumed in passing from the houses to 
the outfalls. 

The conditions of residence and manufacture are various in this division and the 
sewage which reaches the outfalls is correspondingly variable. The quantity pro- 
duced is different at different hours of the day and night; and it is not the same at 
all seasons of year. Owing to the fact that most of the sewers for some distance from 
the shores of the harbor are choked with tidal water, the sewage is often mixed with 
salt water before it is discharged. In some cases the sewage is warm with the waste 
steam and hot water which is discharged from large office buildings, hotels and manu- 
facturing establishments. 

At times of rain much polluting water is washed from the streets. The quantity 
of this material is doubtless increasing, due to the more extended practice of washing 
the streets with water. After snow storms, snow is, to some extent, discharged into 
the sewers and with it more or less solid matter, which was either present on the pave- 
ments before the beginning of the storm or is thrown out after the snow begins to fall. 

For the composition of sewage, and for the quantities of sewage materials which 
are tributary to the various divisions, see Part IV, Chap. III, page 499. For the vol- 


umes of sewage tributary to the various divisions, see Part II, Chap. II, page 46. 


PossIBLE METHODS OF SEWAGE TREATMENT 


Early studies made by this Commission indicated that, excluding from the harbor 
as much sewage matter as practicable from those parts of Queens, Richmond, Brook- 
lyn and the Bronx which are tributary to the Upper East river and Upper and Lower 
New York bays by the employment of local purification works, the water of the inner 
harbor would be able to assimilate the sewage from those parts of Manhattan and 
Brooklyn which were closely built up and where sites could not readily be obtained 
for the construction of purification works of high efficiency. In this belief plans were 
begun for collecting the sewage of the Bronx, Queens and Richmond and gathering it 
to a number of conveniently located central points for treatment. 

Two immediate objects were to be attained by these plans. First, the harbor 
water in those divisions where the works were located was to be kept clean, and, second, 
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the water was to be protected to such an extent as to insure to the inner harbor the 
largest assimilative capacity practicable. 

As the plans progressed, it became evident that a high degree of purification could 
not be obtained for as much of the sewage as had been expected. To remove a large 
proportion of the putrescible material from sewage requires works which could not 
always be situated where engineering considerations alone would have placed them. 
In such cases land must be procurable at a price which does not unduly increase the 
first cost of the project. Of equal importance, it is necessary to locate such works in 
positions where the odors produced will not injure property to such an extent as to give 


owners of surrounding land valid claims against the city for damages. 


Odors from Efficient Processes. It is needless to deny that all processes of sewage 
purification cause smells. The fact should plainly be faced that in the removal the 
ingredients of sewage which are capable of causing the water into which the sewage is 
discharged to become offensive, objectionable odors may be produced at the works. The 
danger of nuisance depends partly upon the degree of thoroughness with which the im- 
purities are removed and partly upon the likelihood that the property holders in the 
vicinity will find the odors seriously objectionable. There are localities in the City of 
New York and vicinity where objectionable odors are continually produced by manu- 
facturing establishments with little or no complaint from property holders. But these 
situations are not usually well placed for sewage disposal plants, and it is doubtful 
if the city would be justified in adding to these odors even if it became otherwise desir- 
able to construct sewage works there. Manufacturing plants which are objectionable, 
such as slaughter-houses, bone-boiling establishments and fertilizer factories, usually 
have to move further and further away, as the cities in which they are located grow. 
Nuisances of this kind become increasingly objectionable as time proceeds, for more 
and more people become affected and the public becomes increasingly fastidious. 

Such strong and offensive odors as are produced by so-called offensive trades are 
not likely to be produced by sewage works, but the difference is sometimes not great, 
and the erroneous belief that sewage odors are in some way connected with disease, 
if not actually a cause of it, adds greatly to the objectionableness of sewage purifica- 
tion plants in any locality. 

A convenient and economical location for sewage works is hampered by the un- 
certainty that they will be permanent. Unlike some manufacturing plants, they can- 
not well be moved in case they produce a nuisance. If they are objectionable at 
first, they are likely to become more so with the passage of time. Owing to the pro- 
test with which a proposal to build a municipal plant for the thorough treatment of 
sewage probably would be received in almost any part of New York City, this Com- 
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mission has felt compelled to confine its plans largely to works of the simplest char- 
acter or carry the sewage to a distant point for disposal. | 

In the selection of sites, considerable difficulty has been experienced because of the 
changing character of many localities. Few parts of New York are permanently con- 
structed. Solidly built-up sections are constantly changing from residence to business 
occupancy. Suburban districts are rapidly becoming urban, and rural territory is 
being converted to suburban uses. Each change increases the value of the land. The 
most rapid developments, and the most uncertain, are sometimes in the very localities 
where it would be most convenient to build sewage disposal works. Here unimproved 
property, even farm land, is not infrequently held at a high valuation in the expecta- 
tion that a strong demand for real estate may set in at any time. 

Owing to the facts here mentioned, this Commission has not found it feasible to 
design works which would purify the sewage tributary from the outlying territory to 
a high degree, and the water which will reach the inner harbor will consequently not 
have as great a capacity for assimilating sewage as theoretically it should possess. 

What is here said as to the nature of the works which it has been feasible to 
design for Queens, Richmond and the Bronx applies with greater force to the Lower 
East River, Hudson and Bay Division. The aggregate volume of sewage produced in 
this division is now great, and thirty years hence will be about double what it is to-day. 
Such treatment as it is practicable to accomplish within the territory where this sew- 
age is produced will remove only a small proportion of the ingredients which are 
capable of reducing the amount of oxygen in the water into which the effluent is dis- 
charged. Sprinkling filters, contact beds, sedimentation basins and chemical precipita- 
tion plants cannot be considered for want of land and because of the odors which such 
works would produce. 

The forms of treatment which could be best employed on the shores of Manhattan 
and Brooklyn would be such as could be carried on with grit chambers and screens. 
The report of Mr. Datesman (see Part III, Chap. I, pages 259-263) contains a discus- 
sion of this subject, particularly as relates to sedimentation basins in the built-up parts 
of Manhattan and Brooklyn. Beside being compact, they produce little odor; they can 
be located partly below ground; they require no extra pumping; they are compara- 
tively inexpensive to operate; they can be employed without highly skilful supervision, 
and it is practicable to have many plants of moderate capacity. Against them is chiefly 
the criticism that they remove only the largest particles of sewage matter and leave 
the dissolved organic matter and finely divided putrescible materials to pass to the 
harbor. Notwithstanding this fact, they would serve usefully in attaining the standard 


of cleanness which the Metropolitan Sewerage Commission has proposed for the water. 
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able for treating the sewage of Manhattan and Brooklyn locally, it is desirable to con- 

Inasmuch as grit chambers and screens afford the best practicable means avail- 
sider how such works would be constructed, how many plants would be required, about 
where they should be built, what they might cost and how much improvement they 
would accomplish. In studying these questions, two chief considerations have ap- 
peared to be important. First, the outlets from the works should be so built that the 
treated sewage will be promptly and thoroughly diffused, and second, the plants should 
be so located as to permit the sewage to be collected to them without unnecessary diffi- 
culty or expense. 

Submerged Outfalls. Owing to the incompleteness of the purification, and the 
desirability of complying with the Standard of Cleanness,* as relates to discoloration 
and turbidity, it would be necessary to discharge the effluent from the plants in such 
a way as to produce the most immediate disappearance of the sewage which is pos- 
sible. For this purpose, it is desirable that the outfalls should be near or upon the 
bottom and be so located that ample and strong currents will sweep by them. 

Locations for Outlets. Bearing in mind the difficulties of construction and main- 
tenance, as well as the advantages of carefully selected places, a number of points 
have been chosen along the shores of Manhattan and Brooklyn where the sewage, 
after treatment, could with the greatest advantage be discharged. 

The facility with which the sewage could be collected to suitable points for treat- 
ment was taken carefully into consideration in selecting the points of outfall. It was 
thought desirable that the sewage should require the least amount of pumping pos- 
sible; that the plants should not have to be placed too far below tide level and that 
the greatest possible normal flow of sewage should be gathered to each plant. 

Considerable care has been taken in the designs to make an economical use of 
land, to provide for adequate inspection and repair, not only of the apparatus, but of 
the structure itself, to insure light and ventilation and to facilitate the cleaning of 
the basins and screens and the removal of the impurities from the plant. Numerous 
forms of grit chambers have been designed and studied. Every form of screen which 


the experience of other cities had proved reliable and efficient has been considered. 


PLAN RECOMMENDED FOR THE DISPOSAL OF THE SEWAGE OF THIS DIVISION. 


Investigation having shown that it will be impossible permanently to discharge all 
the sewage into the water in the vicinity of the territory where it is produced, after 


such purification as is practicable, it becomes necessary to consider where it can be 
taken and what can be done with it. 


*Report of Metropolitan Sewerage Commission of New York, August, 1912 e 70. For modification of 
Standard, see Part III, Chapter I, page 218. PSUR » pag 
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Amount of Sewage to be Taken Away. It will not be worth while to take a small 
amount of sewage from the inner harbor. To accomplish much benefit, the volume 
will have to be large both actually and in relation to the total quantity produced in 
this division. If possible, it should be taken from a part of the harbor which needs 
relief both on its own account and because of its influence on adjoining sections. As 
far as practicable, the sewage should be collected from a region of dense population in 
order that the length of the sewers shall be no greater than necessary. For the same 
reason the distance from the central point of collection to the point of disposal should 
be as short as possible. 

This report shows that the greatest burden of pollution which is placed upon any 
large portion of the harbor is discharged from Manhattan and Brooklyn into the 
Lower East river. Here within a distance of 4 miles, about 283,000,000 gallons of 
Sewage are discharged every 24 hours from about 50 outlets located along the crowded 
shores. Not only is the volume of sewage large, but, as shown elsewhere in this report, 
the waters are peculiarly unsuited to receive it. See Part IV, Chap. III, page 496, 
and Chap. VI, page 641. 

If most of this polluting material can be removed, the waters in the immediate 
vicinity will be improved and the excessive burden of pollution now put upon the 
whole inner harbor will be relieved. An improvement of the waters of the Lower East 
river is desirable for the help it will give in disposing of the sewage which, in accord- 
ance with the Commission’s plans already announced, will be brought to Wards 
Island.* At Wards Island the large quantity of sewage which will be brought from 
the Harlem river will be passed through settling tanks and discharged into the deep 
waters of Hell Gate, and reliance must be placed upon the digestive capacity of the 
waters to oxidize the liquid organic matters. 

If 200,000,000 gallons of sewage per day can be kept out of the Lower East river, 
the ratio of sewage to water in that section will improve sufficiently to meet all re- 
quirements of this Commission’s standard of cleanness for the present. The ratios of 
water to sewage which will exist in the Lower East river are given in Table XVI. 


TABLE XVI 


RATIOS OF SEWAGE TO WATER IN THE LOWER EAST RIVER, IF 200,000,000 GALLONS OF 
SEWAGE PER DAY ARE KEPT OUT OF THIS WATER. 





Y. Sewage to Sewage to Sewage to 
eat water at Low Tide. Tidal Prism. Net Ebb Flow. 
BONER. gees th es 1 to 1090 1 to 204 1 to 30 
Ee OS lto 178 lto 33 1 to 5.6 


*See Chap. III, page 65. 
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The Plan Recommended. The plan recommended by the Commission contemplates 
the collection of the Manhattan sewage tributary to the East river below 26th Street 
at Corlears Hook, and that part of the sewage of Brooklyn which is tributary to the 
East river from Classon Avenue to Newtown Creek at South 5th Street. At Corlears 
Hook and South 5th Street the sewage will pass through grit chambers and fine screens 
and will be discharged into the East river through multiple submerged outlets. This 
is the first stage in the larger project of taking the sewage of the Lower East river 
section directly to the sea, which is the plan the Commission recommends for ultimate 


construction. 


Advantages of Disposal at Sea. In accordance with the ultimate plan proposed 
for the Lower East river section, the sewage will be tributary to a general central sta- 
tion, to which point will be gathered such part of the sewage as needs to be carried 
to a distance. Pumps will be located at the central station and from it a main will 
run directly to an outfall island to be built about 8 miles from land on a sandy reef. 
This reef is one of a series of shallow areas, interspersed with channels, which once 
formed the bar to New York harbor. It lies slightly to the west of an imaginary line 
between Sandy Hook and Rockaway Point. The outfall will be about 13 miles from 
the New York City Hall, 6 miles from the Narrows, over 4 miles from Sandy Hook 
and about 3 miles from Coney Island. The point selected for this island is shown in 
the Frontispiece. 

As much sewage as it is necessary to carry to a distance from the Lower East 
river, Hudson and Bay Division can be taken to the island for disposal. As time pro- 
ceeds and the quantity of sewage increases, the main sewer can be duplicated and the 
provisions for treating and discharging the sewage at the island can be enlarged. 

A large part of the sewage of this division is now discharged into the waters of 
the Lower East river. If this sewage is taken away for disposal, it will for some time, 
at least, be possible to discharge the sewage from the rest of this division with no other 
treatment than screening and passage through grit chambers. The water of the Hud- 
son will be capable of assimilating the sewage produced on the west side of Manhattan 
Island and the water of the Upper bay could take the sewage produced along the 
Brooklyn water front from Governor’s Island southward. 

All the sewage from this division, except that part which is taken away, should be 
passed through grit chambers and screens and the dry-weather flow discharged through 
submerged outlets. In course of time, if the quantity of sewage from this division, as 
well as from that part of the Upper East river and Harlem Division which would be 
concentrated at Wards Island, increases to such an extent as again to place an exces- 


sive burden upon the waters of the East river, the sewers can be extended and finally 
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the Wards Island works can be connected with a main sewer to the artificial island 
for disposal. 

The plan of relieving the harbor of its heaviest burden by taking to sea a large 
part of the sewage which flows to the Lower East river and increasing the scope and 
magnitude of the work as necessity arises, appears to this Commission to be a neces: 
sary and sufficient solution of the problem. In no other way can the sewage be dis- 
posed of with so little chance of danger or offense. The project has the advantages 
that it will afford, at minimum expense, all the relief that is needed for the near future 


and is capable of expansion. 


There are no shellfish industries in the vicinity of the proposed island and no 
currents which would carry any of the sewage to a bathing beach.* The sewage will 
not be exposed long enough to the air to cause annoying odors to be given off and there 


will be no opportunity for flies to breed. 


The plan is in accordance with the best engineering precedent. There is no 
feature connected with it which is untried or experimental. It avoids offensive, com- 
plicated and uncertain processes of purification. It is based upon a careful considera- 
tion of the needs of the whole harbor. It leaves the waters of the inner harbor in a 
sufficiently improved condition for the assimilation of such sewage as cannot be kept 


out of the waters without wellnigh prohibitive expense. 


Ultimate Digestion by the Sea Water. The project for carrying a part of the sew- 
age to sea contemplates the treatment of the sewage at the island and the ultimate 
digestion of the liquid organic matter of the sewage by the sea water. Responsibility 
for the disposal of the sewage cannot cease until all the ingredients are rendered 
harmless and inert. It is important that the sewage shall not flow from the outlets 
as a coherent mass and that none of its elements shall be carried to the inner harbor 
or find their way, under the influence of wind or tide, to the shore. Accumulations of 
solid matter injurious to navigation must not be permitted to occur, nor must odors 
or flies or other objectionable features too commonly associated with sewage disposal 
works exist to mar the natural attractiveness and healthfulness of that part of the 
ocean where the outlet is located. 

The liquid sewage matter will have a strong avidity for oxygen and will be 
rendered inert by the oxygen-saturated sea water with which it comes in contact. The 
great amount of water available at the point of outfall will have an abundant capacity 
to digest the liquid sewage. 


*For numerous long range float observations in the vicinity of the island, see Part IV, Chapter IV. 
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At first the form of treatment needed at the island will be settlement in tanks, per- 
haps aided, at times, by precipitants. In addition, it may be practicable to disinfect the 
sewage and produce a considerable amount of oxidation by the addition of bleach or 
electrolytically produced hypochlorite. 

If at any time in the future it becomes desirable to completely purify the sewage, 
no such favorable location for the necessary works can be found in the metropolitan 
district than this artificial island. Owing to the shallowness of the water and the 
ease with which filling can be obtained, land can be made here for less money than an 
equal area can be bought on shore at any point not more distant from the New York 
City Hall. (See Figs. 31-35, Part IV, Chap. V, pages 600-602. ) 

In addition to the sewage from the Lower East river section, it will ultimately be 
feasible and desirable to send the sewage of the western Jamaica bay sub-division to 
the island for disposal. This would make it unnecessary to construct treatment works 


at Barren Island, as proposed in an earlier report of this Commission.* 


COLLECTING THE SEWAGE TO THE OUTLET ISLAND 


Subdivision of the Territory. The territory included in the Lower Hudson, Lower 
East River and Bay Division has been separated by this Commission into 32 sub- 
divisions for the purpose of laying out the works which will be necessary for the sani- 
tary disposal of the sewage, and each subdivision has been given a number. The sub- 
divisions numbered 1 to 12, inclusive, comprise that part of Manhattan which is nat- 
urally tributary to the Hudson river. Subdivisions from 13 to 26 are in Manhattan, 
Queens and Brooklyn, bordering upon the Lower East river. Subdivisions 27 to 31 are 
in Brooklyn and border on the Upper bay. Subdivision 32 borders on the Narrows and 
Gravesend bay. 

The subdivisions vary in size and in the quantity of sewage which they produce. 
The boundaries which have been approximately established are intended to show the 
limits within which it will be feasible to collect the sewage to a central point on the 
water front in each subdivision. The central points are usually near existing large 
sewers and, as often as practicable, at places which are favorable for a prompt admix- 
ture of the sewage effluent with the harbor water. 

As stated elsewhere in this report, the dry-weather flow of sewage, after collection 
to a central point in most of the subdivisions, should be passed through grit chambers 
and screens and so discharged into the water as to insure prompt diffusion. 


The dry-weather flow of sewage produced in the following subdivisions bordering 
*See Chap. V, page 95. 
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upon the Lower East river should be gathered to two central points, passed through 
grit chambers and fine screens, and discharged at the bottom of the deep channels: In 
Manhattan 13, 14 and 15, and in Brooklyn 22, 23, 24 and a part of 25. 

The method of collection in those subdivisions from which the sewage is eventually 
to be carried to a distance may or may not be the same as in those subdivisions from 
which the sewage will be discharged into the neighboring waters as a permanent pro- 
cedure. There are various ways in which the sewage can be collected. The Commis- 
sion has spent a large amount of time in the study of this subject, and is of the opinion 
that the final choice should rest upon surveys and plans of a detailed character. One 
method may be described by way of illustration.* 

The dry-weather flow and storm water equal to twice the dry-weather flow should 
be provided for. The excess should pass by storm overflows directly to the river. 

The Necessary Interceptors. In designing the interceptors, it will be best to fol- 
low the European rather than the American practice. According to the American 
method, the interceptor is usually constructed entirely below the invert of the lateral 
sewer, with openings connecting the two, leaving the outer end of the lateral open for 
a storm overflow. The flow into the interceptor is controlled by a regulator, which is 
operated by a float. When the flow in the lateral reaches a certain amount, say twice 
the mean dry-weather flow, the regulator closes, cutting off the entrance to the inter- 
ceptor and permitting the storm flow to discharge into the river by way of the original 
outlet. 

According to European practice, the interceptor is built across the lateral sewer, 
its crown above the invert of the lateral. The interceptor therefore acts as a dam, pre- 
venting both the flow of sewage to the river, and the back flow of the tide from the 
river. All the sewage is diverted until the water surface in the lateral rises above and 
overflows the crown of the interceptor. The excess storm water then flows directly into 
the river. Where the crown of the interceptor is too high to permit such discharge, a 
special section may be adopted where it crosses the lateral. 

The chief advantages of this arrangement are: The elimination of mechanical reg- 
ulators, which are not always reliable; a raising of the hydraulic gradient in the inter- 
ceptor and consequent reduction of lift at the pumping station ; and less depth and con- 
sequently less excavation for the interceptors. 

The interceptors should be large enough to accommodate twice the mean rate of 
flow during periods of dry weather. The maximum rate of dry-weather flow is as- 
sumed to be about one and one-half the average rate per 24 hours. This will permit 


*See ‘Alternative Projects,” page 130. 
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the interceptor to carry off some of the first flush of storm water even if it reaches the 
plant during the hour of maximum sewage production. 

The intercepting sewers required to collect the sewage from the present sewers to 
the central points will lie as close to the surface of the ground as physical conditions 
permit. In making the plans and estimates, careful attention has been given to the 
information available concerning the geology of the territory passed through as deter- 
mined by borings made by the Public Service Commission, Board of Water Supply 
and others. 

The Manhattan Lower East Side Subdivisions. The total quantity of sewage to 
be taken from subdivisions 13, 14 and 15 is estimated at 99 million gallons per 24 
hours in the year 1915. The estimated population for the same year is 680,500, and the 
area from which the dry-weather flow will be taken is 1,737 acres. 

The south Manhattan interceptor will start near the foot of Broad Street with a 
size of 2 feet 6 inches, increasing to a diameter of 4 feet by the time it reaches Roose- 
velt Street. Here there will be a lift of about 5 feet by pumps and the interceptor will 
continue parallel to the water front with diameters enlarging from 5 feet 9 inches, to 
8 feet 9 inches at East Street, Corlears Hook. The north interceptor will begin with 
a diameter of 12 inches at 26th Street and flow southerly, enlarging to 5 feet 6 inches 
at 14th Street where there will be a lift by pumps of about 6 feet. The interceptor 
will continue south with diameters increasing from 10 feet 6 inches to 10 feet 9 inches 
at East Street, Corlears Hook. At this point the sewage from both interceptors will 
pass through a grit chamber and fine screening plant and will then be pumped to tem- 
porary submerged outlets in the river. 

The Inverted Siphon from Manhattan to Brooklyn. In the completed installa- 
tion an inverted siphon will be required to carry the sewage from Manhattan to 
Brooklyn beneath the Lower East river. The point selected for the crossing is at a 
narrow part of the river where solid rock may be anticipated. The siphon which will 
be required to take the sewage produced in 1915 will have a diameter of 7 feet 8 inches. 
The depth will be 110 feet beneath the surface of mean low water. The siphon will 
be 2,400 feet long and extend from Corlears Hook to South 5th Street. The velocities 
in this siphon will range between 2 and 5 feet per second. 

The Brooklyn Northwestern Subdivisions. That part of Brooklyn which is in- 
cluded in this project will be treated in a way similar to that described for collecting 
the sewage from the Lower East side of Manhattan. The quantity of sewage to be 


taken from this part of Brooklyn will be a little larger than the quantity from Man- 
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hattan or about 101 million gallons per 24 hours in 1915. The estimated tributary 
population in Brooklyn will be larger or 1,017,020 and the net area more than five 


times as large or 8,866 acres. 


The South Brooklyn interceptor will commence at Classon Avenue with a diam- 
eter of 10 feet, taking the dry-weather sewage from the Classon Avenue sewer and in- 
creasing in diameter to 10 feet 8 inches at South 5th Street. The north interceptor 
will start at Huron Street with a diameter of 4 feet, increasing at Quay Street to 9 
feet 10 inches, and reach South 5th Street with a diameter of 10 feet. At this point 
the combined flow will pass through a grit chamber and fine screens before discharge 
into the East river through submerged outlets. In both Manhattan and Brooklyn the 
interceptors have been designed of sufficient size to take the entire tributary flow up 
to the year 1960. 

The foregoing represents the first stage of development recommended for the 
Lower East river section. In the completed installation the Manhattan sewage (99 
mgd.) brought by a siphon from Corlears Hook will join the 101 mgd. collected from 
the Brooklyn side at South 5th Street, Brooklyn, where it will be pumped through 
three 6-foot steel force mains to the main sewer at Wallabout Street. 

Irom this point it will be carried by a tunnel 12 feet 8 inches in diameter under 
Brooklyn and New York Lower Bay to the proposed outlet island about three miles 
off the Coney Island shore. 

Profiles of the Manhattan and Brooklyn interceptors and of the main outfall tun- 
nel are shown by Plates VI, VII and VIII, following page 124. 


The General Pumping Station. The sewage collected at the general pumping 
station, amounting to about 200,000,000 gallons a day, will have been passed through 
grit chambers and screens and will be in reasonably fresh condition. The pumps will 
be required to raise the sewage at times of mean flow from an elevation of about 5 
feet below mean tide and pump it under a head of about 29 feet to the artificial island 
at sea. The distance to be pumped will be about 12.9 miles and the head to be over- 
come will be that which is necessary in order to raise the sewage from the level at 
which it is delivered to the pumps to the level of the tanks where it is to be treated on 
the island, plus the head required to overcome the frictional resistance offered to the 
passage of the sewage through the long main. The pumps can be operated by steam, 
oil or by purchased electric current. It would seem feasible and desirable to drive 
the pumps with electric power to be obtained from burning the solid refuse of the city 


in destructors, as is commonly done in England and in certain large cities of Europe. 
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The Sewage Main to Sea. The force main through which the sewage will be 
pumped to the island will be built, for the most part, in tunnel. There will be three 
shafts, so situated as to permit the work of construction being pushed with expedi- 
tion and economy. The internal diameter of the completed main will be 12 feet 8 
inches. 

The estimates given below are based upon the work already outlined, but since 
the sewage main will pass comparatively near Jamaica bay, it may be desirable to 
modify the plan which this Commission proposed for the Jamaica Bay Division* to 
such an extent as to permit the main to take to the island the sewage which it has 
been proposed to collect from Brooklyn to Barren Island for treatment and disposal. 
The advantages to be gained by this change are (a) reduction in cost over the Barren 
Island project and (b) avoidance of the necessity of constructing a sewage disposal 
plant at the entrance of Jamaica bay. By adding the sewage of the western Jamaica 
bay subdivision to the sewage of Manhattan and Brooklyn which is pumped to the 
island, the disposal works will be centralized and questions of administration and 
maintenance will be simplified. 

The Western Jamaica Bay Subdivision. If the sewage from the western part of 
the Jamaica Bay Division is taken to the proposed island for discharge at sea it will be 
collected at two central pumping stations, one at Hendrix Street and the other at 
Ilatlands Avenue. From the eastern pumping station, an interceptor 9 feet to 9 feet 
6 inches in diameter will extend for 2.6 miles to a second pumping station at Flatlands 
Avenue. From this point the interceptor, enlarged to 11 feet 4 inches in diameter, then 
11 feet 8 inches and finally to 12 feet in diameter, will extend to Nostrand, where it 
will be joined by a small interceptor of 27 inches from the present sewage disposal 
works for Sheepshead bay, which will be converted into a pumping station. The inter- 
ceptor enlarged to 12 feet 4 inches will end at a pumping station to be located at Ocean 
Parkway and Avenue W. This last pumping station will discharge the sewage into 
the main which runs to the island. f 

A pumping station to be located at 86th Street and Avenue V in Bensonhurst 
will discharge through a 4-foot interceptor to the pumping station which will serve 
the western part of the Jamaica Bay Division. The sewage of Coney Island will be 
pumped from the present plant known as Caisson No. 3 directly to the main sewer. 

The quantity of sewage from the western part of Jamaica bay will be about 
47,000,000 gallons per day in 1915. The population will be about 343,000 and the 


area served 19,000 acres. 
*See Chap. V, page 97, also Plate V, following page 98. 
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The Artificial Island. The tunnel to the island, if sewage from the Western 

Jamaica Bay Division is admitted, will be 14 feet in diameter and constructed at a 
depth of about 60 feet, the material to be penetrated being sand. It will be possible to 
construct the tunnel with two headings, one from the shore and one from the island, 
the two meeting and being properly joined. 
‘The point selected for the island has been carefully chosen with reference to econ- 
omy of construction, resistance to the destructive influences of tidal currents and 
storms, freedom of obstruction to the free flow of tidal water in and out of the harbor 
and absence of sanitary objections. 

The location lies to the north of Sandy Hook and to the south of Coney Island. 
Its position is latitude 40 degrees 3114 minutes and longitude 73 degrees 5814 min- 
utes. The water within a mile from the island in all directions varies between 7 and 
40 feet in depth, the average being about 20 feet at mean low tide. : 

The plan of the island is approximately rectangular, the seaward side being 
rounded. The area at the start will be about 20 acres. This can be extended as re- 
quired. The general plan of the island is shown on Fig. 2, page 122. | 

The outer face of the island will be a wall of riprap composed of large pieces 
of broken stone carried to the site on boats and laid upon the hard sandy bottom (see 
Figs. 2 and 3). It is expected that some settlement will occur, due to the water cutting 
sand away from under the stone. When sufficient riprap has been bedded to stop this 
action of the water, no more settlement is to be expected. The main bulk of the 
island will be composed of sand supplied from a suction dredge, which will take its 
supply from the bottom of the sea in the vicinity. 

The height of the island above mean low water will be about 18 feet. The length 
will be 1,300 feet and the width 1,000 feet. The side of the riprap wall which is ex- 
posed to the sea will have a slope of 1 vertical upon 3 horizontal below mean high 
water, and 1 upon 2 above, while the other sides will have a slope of about 1 on 2. 
The cost of constructing the island has been estimated at about $615,000. 

The landward side of the island will be provided with a quay wall for the accom- 
modation of vessels engaged in taking supplies and other materials to and from the 
island. Shelter from the sea will be provided by a breakwater, which will enclose a 
small harbor. | 

The island will contain a plant of settling tanks in which the sewage will have an 
opportunity to deposit its solid matters during a period of about two hours. These 
tanks will be of modified Dortmund tank construction, similar to those recently con- 
structed at Toronto, Canada. Provision will be made for treating the sewage if neces- 


sary with a coagulant before passing it into the tanks. 
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After treatment, the sewage will be discharged through a number of outlets ar- 
ranged radially on the seaward side of the island. If desirable, it will be feasible to 
pump sea water into the sewage and provide for the mixture of the two before the 
discharge takes place. Such admixture would facilitate the immediate diffusion of 
the sewage in the sea water, but the active agitation and free movement of the great 
volume of water in the vicinity of the island will probably make the preliminary ad- 
mixture of sea water and sewage by pumping unnecessary. 

The material which settles out in the tanks will be carried to sea in boats and 
dumped. 

Cost. This project will require the construction of about 6.6 miles of intercept- 
ing sewers in Manhattan and Brooklyn. The siphon from Manhattan to Brooklyn 
will be a little less than a half mile long. The main from the pumping station to the 
island will be about 13 miles long. If the Jamaica bay sewage is brought to the 
island, about 2 miles of collectors and 7 miles of interceptors will be required in 
addition. 

For the first installation of this project, the estimated cost of construction is 
$4,095,000, and the total maintenance and fixed charges will amount to about $361,000 
per year. 

For the entire installation, including the main pumping station, outfall tunnel, 
island and treatment works, the total cost of construction would be about $17 394,000, 
and $4,072,000 additional for the Jamaica Bay Division if included. The total main- 
tenance and fixed charges would amount to about $1,311,500, with $286,000 additional 


chargeable to the Jamaica Bay Division. 


RECOMMENDATION OF THE COMMISSION AS TO THE FIRST INSTALLATION 


In the opinion of the Commission, it would be desirable but not necessary to carry 
out the island project as a first installation. The fine screening proposed, although the 
most thorough treatment practicable in this section, would afford relief to the Lower 
East river only for a time. The improvement effected by discharging through sub- 
merged outfalls instead of at the pierhead line would alleviate conditions in the slips 
and along the shore, but would not make the water permanently satisfactory nor alter 
the dilution ratios of sewage to water in the river as a whole. Any benefit accruing 
from this procedure would be neutralized later by the increase in the volume of sewage 
to be disposed of. 

In comparing the projects for local sedimentation treatment as considered at one 
time by the Commission, with that in which the entire 200 mgd.* is taken to the ocean, 


*Million gallons per day. 
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it must be remembered that by the former project the tank effluent would carry to the 
East river 70 per cent. of the organic matter contained in the sewage. Now, if it is as- 
sumed, as seems fair, that but 25 per cent. of the total organic matter capable of re- 
ducing the dissolved oxygen of the harbor is removed by this process, it follows that, 
to produce an improvement of the water equivalent to the removal of 200 mgd. of sew- 
age to the ocean, it would be necessary to treat 800 mgd. by screening. This is more 
sewage than will be produced in the whole city in 1915. 

In other words, if all the sewage of Greater New York were treated by fine screen- 
ing, it would not improve the general condition of waters of the harbor as much as the 


entire removal of the 200 mgd. 


OPINION OF U. S. ENGINEERS ON THE PROPOSED ISLAND 


Recognizing that responsibility for the maintenance of a proper depth of water 
for navigation in the harbor rested with the U.S. War Department and that the island 
proposed by the Commission for the disposal of the sewage of the Lower East river 
could be constructed only with the permission of that Department, application was 
made to the Secretary of War requesting the views of the War Department with 
respect to this subject. The Commission’s application was referred by the Secretary of 
War to the Chief of Engineers, U. S. Army, and by him to the New York Harbor Line 
Board for report. 

The New York Harbor Line Board consisted of Colonels W. T. Rossell, W. M. 
Black and S. W. Roessler of the Corps of Engineers, U.S. Army. The island would be 
in that part of the harbor which is under the special jurisdiction of Col. Roessler, who 
has had much experience with breakwaters and other structures intended to resist the 
destructive action of the sea. The Harbor Line Board gave a hearing on the Commis- 
sion’s project on March 7, 1918. On that occasion the subject was thoroughly dis- 
cussed, plans, charts and profiles of the proposed structures being produced. 

The opinion of the Harbor Line Board was transmitted to the Commission by the 
War Department on March 22, 1913. It was to the effect that an island in either of 
the two locations suggested by the Commission, one of which is shown on Plate I, fol- 
lowing page 48 of Preliminary Report VI of the Metropolitan Sewerage Commission, 
would not interfere unduly with navigation nor have an unfavorable effect upon the 
harbor. In this opinion the Chief of Engincers concurred. 


The correspondence in full follows: 
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FEBRUARY 18, 1918. 
Hon. HENRY L. STIMSON, 
Secretary of War, 
Washington, D. C. 

Sir: In making plans for a sanitary disposal of the sewage of New York City, it 
has become desirable to consider the practicability of constructing an island near the 
entrance of New York harbor. The island would be located on one of the shallow, 
sandy bars which are divided by the Fourteen Foot Channel to the north of Ambrose 
Channel. | 

The island would be constructed with an enclosing wall of riprap and a filling of 
sand or other solid material, the total area occupied being less than 30 acres. Upon 
the island would be tanks and other structures in which much of the solid matters of 
the sewage would be removed to be carried to sea in boats or disposed of in some other 
acceptable manner, while the clarified effluent would be discharged into the surround- 
ing water through outlets so arranged as to insure its prompt dispersion and disap- 
pearance. The sewage, amounting to about 200,000,000 gallons per twenty-four hours, 
would be brought to the island through a tunnel. 

Recognizing the authority which is exercised by the general government over the 
navigable waters, this Commission desires to place its project in sufficient detail before 
you, to the end that an early determination may be reached as to the permissibility of 
constructing and using this island in the manner, and for the purpose, stated. 

Members of this Commission will be pleased to call upon you with reference to the 
subject in case you visit New York; or they will go to Washington to see you, if prefer- 
able. The technical details of this plan can be laid before such army engineer, officer 
or officers of the New York Harbor Line Board as you may designate. 

Your early attention to this subject is requested in order that the result of your 
consideration may be known in time to be used in a report soon to be issued by this 
Commission. 

Respectfully, 


GEORGE A. SOPER, 

JAMES H. FUERTES, 

H. DEB. PARSONS, Commissioners. 
CHARLES SOOYSMITH, 

LinsLy R. WILLIAMS, 


MARrcH 3, 1913. 
Mr. GrorGE A. Soper, President, 
Metropolitan Sewerage Commission, 
17 Battery Place, New York City. 

DEAR Sir: 1. The Harbor Line Board has before it your application of Feb. 18 to 
the Secretary of War concerning the construction of an artificial island near the en- 
trance to New York harbor, and also a letter of Feb. 19th from Mr. H. deB. Parsons, 
Consulting Engineer, requesting that this matter be laid before this Board. In order 
that the Board may be able to come to a definite conclusion in the case, it is requested 
that you submit more detailed plans and make a definite application for such con- 
struction. 
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2. The Board desires to take this matter up at 10 A. M. on March 7th and it is 
requested that these plans be submitted before this time and that if possible you or 
your representatives be present to confer with the Board in the matter on that date. 

Very respectfully, 
WILLIAM T. ROSSELL, 
Colonel, Corps of Engineers, 
Senior Member of Board. 


MARCH 6, 1918. 
COLONEL WILLIAM T. ROSSELL, 


Corps of Engineers, New York Harbor Line Board, 
Army Building, New York City. 

Dnar Siz: Your letter of March 3, relating to the proposal of this Commission to 
construct an island near the mouth of New York harbor, has been received. 

Application is hereby made for permission to construct and maintain an island 
for the treatment and disposal of sewage in accordance with the following plan: 

The object of constructing the island is to afford opportunity for the treatment 
and final disposition of a quantity of sewage from the inner harbor sufficient to relieve 
and protect the inner harbor from its excessive burden of pollution. 

The location proposed for the island is in shoal water, preferably in latitude 
40° 32’ 02” N, longitude 73° 59’ 46” W, or in latitude 40° 31’ 26” N, longitude 
73° 58’ 21” W. 

In plan, the island would be approximately rectangular except that the seaward 
side would be rounded. The area at the start would be about 20 acres of filled land 
and about 10 acres of harbor for the protection of vessels engaged in transporting sup- 
plies to the island and taking sludge and other materials away. 

The outer face of the island will be a wall of riprap composed of large pieces of 
broken stone carried to the site on boats and laid upon the hard sandy bottom. It is 
expected that some settlement will at first occur, due to the water cutting sand away 
from under the stone. The main bulk of the island will be composed of sand supplied 
from a suction dredge which will take its supply from the bottom of the sea, or earth, 
ashes and other suitable material. 

The height of the island above mean low water will be about 18 feet. The length 
of the island, when first constructed will be about 1,300 feet and the width 1,000 feet. 
The side of the riprap wall which is exposed to the sea will have a slope of 1 vertical 
upon 3 horizontal and the two adjoining sides will have an outer slope of about 1 on 
2. The riprap will be 15 feet across the top and will be surmounted by a concrete 
parapet wall 4 feet in height. The riprap will be from 75 to 122 feet wide on the 
bottom, according to the location with respect to the sea. 

The island will contain a plant of settling tanks in which the sewage will have an 
opportunity to settle and deposit its solid matters during a period of about two hours. 
These tanks will be of modified Dortmund tank construction, similar to those recently 
constructed at Toronto, Canada. Provision can be made for treating the sewage, if 
necessary, with a coagulant before passing it into the tanks. 

After treatment, the sewage will be discharged through a number of outlets ar- 
ranged radially from the island in such position as to bring about the most immediate 
and perfect dispersion of the sewage practicable. If desirable, it will be feasible to 
pump sea water and mix it with the sewage before the discharge takes place. Such 
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admixture would facilitate the immediate diffusion of the sewage in the sea water; 
but the active agitation and free movement of the great volume of water in the 
vicinity of the island will, it is expected, make a preliminary mixture of sea water and 
sewage by pumping unnecessary. 

The material which will settle out of the sewage in the tanks will be carried to 
sea in vessels and dumped sufficiently far from the land to insure that no trace will 
reach bathing beaches, inhabited shores or oyster grounds. 

Provision will be made for a laboratory and dwelling house for those who will be 
needed to operate the tanks and other devices for the treatment and discharge of the 
sewage. It will be feasible to maintain a light on the island for the benefit of navi- 
gation, in case this is desirable. 


In course of time, it will be necessary to increase the size of the island and it is 
proposed that this will be done by extending its length so that the total area covered 
will be about three times that of the original island, or, approximately, 70 acres. 


The quantity of sewage which will be brought to the island at the beginning is 
estimated at about 203,000,000 gallons per 24 hours during dry weather. During 
storms, this volume will increase about 100 per cent. This sewage will be collected 
from those parts of Manhattan and Brooklyn whose drainage is naturally tributary to 
the Lower East river between the Battery and 28th street, Manhattan. It is proposed 
to collect the sewage by building intercepting sewers close to the water front to 
receive the sewage from the existing combined sewers and gather it to a central pump- 
ing station to be located near the Brooklyn Navy Yard. A siphon built beneath the 
East river will carry the sewage of Manhattan to the Brooklyn side. At the central 
pumping station the sewage will be pumped through a force main built as a tunnel to 
the island. The tunnel will be over 20 feet beneath the bottom of the Lower bay and 
so be free from injury to anchors even in the deepest parts of the channel between the 
island and the mainland where vessels rarely anchor. The sewage will consist of the 
ordinary dry-weather flow except at periods of rainfall when the storm water from the 
streets will also be received to the extent of about once the volume of the average 
hourly production of house sewage. 


All the sewage which is sent to the island will have been passed through grit 
chambers and screens with openings not larger than one-half inch. The sewage from 
Manhattan will be screened before passing to the Brooklyn side. Since it will be rela- 
tively fresh, it is estimated that no less than 15 per cent. of the suspended matter will 
be extracted. Grit chambers will be located near the screens and their efficient opera- 
tion will be insured by the necessity which will exist for removing the readily settle- 
able material from the sewage in order to prevent obstructions in the siphon and 
interference with the pumps. The Brooklyn sewage will be passed through screens 
and grit chambers no less effective than those of Manhattan before the sewage is 
pumped through the force main. It is estimated that the settling basins on the island 
will remove at least 60 per cent. of the suspended matter from the sewage. It is ex- 
pected that the total effect of the treatment by grit chambers, screens and settling 
basins will be to remove considerably more than 75 per cent, of the suspended matter 
originally present. 
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It is believed by this Commission that either of the two locations here proposed 
for the island will be favorable for the sanitary disposal of the sewage and will be free 
from objection from the standpoint of navigation. Both sites are upon sand reefs 
where no vessels except fishing craft of lightest draft are likely to pass. The area of 
the island, even when extended to the dimensions which may ultimately be necessary, 
will be so small, as compared with the total area of the Lower bay, as not seriously 
to interfere either with the tidal prism or with the force or direction of the tidal cur- 
rents flowing in and out of the harbor. The amount of solid matter contained in the 
sewage when discharged will be slight as compared with the volumes of water in the 
vicinity of the island and the action of the waves and currents in this part of the 
harbor are so active that it seems improbable to this Commission that deposits of any 
serious extent would be formed, even if the sewage was to be discharged in crude 
condition. 

Apart from permission to build the island, which this Commission would inter- 
pret as expressing a belief that no interference would be caused by the island to navi- 
gation, this Commission would value the opinion of the Harbor Line Board as to the 
probable capacity of the island to resist the destructive action of the sea. It is recog- 
nized that the Army Engineers possess the qualifications of experts on this subject. 
If material criticism can be brought against the proposal of this Commission for the 
construction of the island on the score of structural defect, suggestions looking to a 
more durable form of construction would be regarded in the light of a public service. 

Accompanying this letter is a chart of Lower New York bay, showing the two 
alternative locations for the proposed island, a profile giving the line of the tunnel 
through which the sewage would be pumped to the island, a plan of the island and 
three cross sections of the retaining walls. 

Respectfully, 
GEORGE A. SOPER, 
President. 


SEPARATE SCREENING PLANTS 


It will be impracticable to remove from the inner harbor all the sewage from the 
Lower East river, Hudson and Bay Division. That which is not included in the 
recommended project for the Lower East river will be treated by locally placed grit 
chambers and fine screens and discharged locally through submerged outlets. Mar- 
ginal sewers will be necessary to concentrate the sewage at the proposed plants, whose 
locations are shown approximately upon the frontispiece to this report. 


Following is an estimate of cost of a few typical plants: 


Riverside Park at West 96th Street, Manhattan 


A fine screening plant and grit chamber would be located in Riverside Park at 
West 96th Street, with submerged outlets extending to 300 feet off the West 96th Street 


pier. The capacity would be three times the dry-weather flow of 30 million gallons 
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per day. The storm outlets carried to the end of West 97th Street pier would have a 
capacity of 270 million gallons per day. 


Estimate of Cost 


Treatment Plant 














FExXcavation:. . ccccc ss whale oh sacs ost Cee eee ee $ 9,000 

Sub-structure: ii 05... sees ee ee ee 13,500 

Superstructure. . <... so... <5 sce = aslo oe Ra eee ee 25,500 

Machinery . 520 05. o-Ss slew is, 4 aieeieet: eee nee 29,000 

Contingencies —15 %Gs is us ana lee et ee ae ee ere 12,000 $ 89,000 
Outlets for Dry-Weather Flow 

Treatment plant to existing sewer..............0cceeeeee $ 1,200 

Present outlet to 300’ off pierhead................00cee eee 23,000 24,200 . 
Outlets for Storm Overflow 

Treatment plant to bulkhead line...................00005 $16,250 

Bulkhead line to pierhead.).c;.. 224-6 ave eae eee 20,750 37,000 
Total cost.of plant and outlets inten. Sonya nee oe ee $150,200 


Orchard Street, Astoria 


A fine screening plant and grit chamber, with pumps for low level sewage only, 
would be located at the foot of Orchard Street, Astoria. The capacity would be 87 
million gallons per 24 hours or three times the dry-weather flow. 


Estimate of Cost 





EExca vation «isis cls: Gisele e's pai wide Geduee ee Se one ee ee eee $ 4,662 
Substructure..o. 36 sacs. oes ghee Gaeta al eee ee nT tn ee eae 10,250 
Superstructurel &. 53.55 5 ote. «id Wis Gos a oS casaetee bik k <a ee ee ee 20,000 
Machinery 5037s Sos oe ra ee dicta OTe eee aa ans on 36,100 
Contingencies-15%,. acne oes ee, SO ee eee 10,688 

Total Costs. ate | ets bo eee Bee ee eee $81,700 


64th Street, Brooklyn 


A fine screening plant and grit chamber would be located at the foot of 64th 
Street, Brooklyn. The capacity would be 150 million gallons per 24 hours or three 
times the dry-weather flow. 

Estimate of Cost 





Fixcavationy: ¢..i5..ciua calte os aot ws » eo nad oa te «Fone ee ee $ 6,900 
Substructure... soc oslo e odin 6 we wesle a gene, <M was Cl en ee 17,500 
Superstrudtures ci. dies 6 Pa Saws Sead eae ae & ea sigiei les eee eo 65,400 
Machinery 5°00 65 o/s coy hs. iors sae IO ROR ca ES er ".... 35,000 
Connection. with sewer,?.i%..5. . tus ck hai ee, cence dite stare eee 2,200 
Contingencies 15 iss (ones so dak Gan ak de eee ete le bn eee ae ee eee 20,000 

Total Costs. 2.2525 So Res Da ree eee rite len et ane $147,000 


ALTERNATIVE PROJECTS FOR DISPOSING OF THE SEWAGE OF THE 
LOWER EAST RIVER, HUDSON AND BAY DIVISION 


Possible Directions in Which to Take the Sewage 


There are not many directions in which the sewage from the Lower Hast River 
Section can be taken. It would be impracticable to carry it north into Westchester 
County, for the land there lies at too great an elevation. It would be impossible to 
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carry it west because the people of New Jersey would object to receiving it. The idea 
of discharging it into the Hudson river cannot be entertained, for if this were done 
that stream would become too heavily polluted. Sentimental considerations require 
that the Hudson shall not be made a receptacle for the sewage from other parts of the 
harbor. 

It would not be feasible to carry the sewage to Long Island sound; the distance 
would be too great, the volume of water there available would be insufficient, the 
danger of polluting extensive shellfish beds would be large, and the risk of contami- 
nating the shores in the vicinity of villages, towns and country estates too imminent. 

The sewage could not be taken east on Long Island, except to a distance of 30 or 
40 miles, for its disposal would be certain to produce nuisance and, consequently, 
serious injury to property already occupied for residence purposes or likely soon to be- 
come valuable for this purpose. Furthermore, opportunities for the disposal of the 
effluent of treatment works are lacking on Long Island, the north shore of which is 
deeply indented with bays and, for the most part, high and rocky, and the south shore 
bordered with broad, shallow bays and marshy islands, where the flow of tidal water 
is relatively slight. 


Staten Island Not Suitable for Very Large Sewage Works 


To the southwest of this division lies the Borough of Richmond, or Staten Island, 
and much sewage could be brought there for treatment as far as engineering consider- 
ations are concerned. There are several thousand acres of marshy land on the west 
side of this island bordering the Arthur Kill which might be employed for sewage dis- 
posal, provided no nuisance were produced. 

The sewage could be taken to the disposal works by a tunnel which could be 
driven beneath the waters of Upper New York bay to the north shore of Staten 
Island, and thence through the high land to the low-lying area near the Arthur Kill. 
The Arthur Kill has been dredged for the convenience of ships and could receive a 
well purified effluent, although owing to its small volume of flow and the oscillating 
effect of the tide, the capacity of the Arthur Kill for unpurified sewage is compara- 
tively small. If the sewage could not be purified sufficiently to discharge the effluent 
into the Arthur Kill, it would have to be carried by tunnel eastward from the treat- 
ment works to the waters of Lower New York bay. 

It is probable that treatment works capable of purifying the sewage to such an 
extent as would permit the effluent to be discharged into the Arthur Kill would be 
impracticable on Staten Island. Apparently some oxidizing process, either sprink- 


ling filters or possibly contact beds, would have to be employed. It is probable that 
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if either of these processes were used to treat the quantity of sewage which would 
have to be dealt with, not less than 200,000,000 gallons per 24 hours, with a certainty 
of more later on, objectionable sanitary conditions would be produced. The sewage 
would be septic and, consequently, likely to produce odor when brought into contact 
with the air either in the fine spray necessary in sprinkling filters or in the large areas 
of surface exposed by the broken stone of contact beds. The likelihood of trouble 
from flies, a frequent and annoying feature in sewage works, should also be consid- 
ered. The peculiar mist which sometimes hovers in calm weather over extensive areas 
of sprinkling filters would prove a source of grave concern to property holders, even 
at a considerable distance from the works. Before the authorities of the Borough of 
Richmond would give their consent to receiving the sewage of this division in that 
borough for disposal, it is probable that they would insist upon more assurance of 
immunity from nuisance than safely could be given. 

Added to the sanitary difficulties which would attach to the disposal of the sew- 
age by works upon Staten Island is the consideration of cost. It would be expensive 
to carry the sewage of this division to Staten Island and there dispose of it. The tun- 
nels would be long and, in places, very deep. The foundations for the works on the 
lowlands in the western part of Staten Island might prove difficult of construction. 


The outlet tunnel for the effluent would be long and costly. 


Possibility of Treatment on an Artificial Island in the Inner Harbor 


The Commission has made an investigation of alternative projects for carrying 
the sewage of the Lower East river section to an artificial island nearer than the pro- 
posed sea island. 

The first alternative contemplated an island of about 20 acres just south of, or 
built as an extension to, Blackwells Island in the East river. The treatment proposed 
was chemical precipitation, the sludge to be carried by steamers to sea and dumped 
there. After treatment, the sewage would be discharged into the East river through 
three submerged outfalls. The sewage would be collected from the Manhattan and 
Brooklyn shores by interceptors built above tidal influence, the district lying between 
the interceptor and the shore to be resewered so as to drain into the interceptor. The 
collectors were designed to carry twice the the mdwf.* expected by 1960. 

Pumping stations would be located at Corlears Hook, Manhattan, Wallabout 
Street, Brooklyn, and on the proposed island. The sewage would pass through screens 


and grit chambers before reaching the pumps. 


*Mean dry-weather flow. 
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The cost would be $20,694,000, and the annual charges $2,117,700. These amounts 
are larger than the estimates for the ocean island project, and the project would not 
afford as much relief to the Lower East river. 

The second alternative involved the construction of an island in the Upper bay, 
off Red Hook, just south of Governors Island. The method of collection was to be 
similar to that proposed in the Blackwells Island scheme. The screens and grit 
chambers would be located at Corlears Hook, Manhattan, Borden Avenue, Queens, and 
Wallabout Street, Brooklyn. The single pumping station would be located at the 
island. The estimated cost was $23,933,000 and the annual charges $2,309,400. 

The point of discharge would be almost in the path of vessels in the main channel. 
The sewage would be carried to the Lower East river by the flood currents, thus defeat- 
ing the purpose for which it was taken to the island. The proposed Passaic Valley 
Sewer outlet would be about 214 miles distant, and it is probable that the combined 
volume of sewage from these two outlets, even after partial purification, would over- 


burden this part of the Upper Bay. 


Objections to Collection at Barren Island 


Two other possible means of disposing of the sewage of this division remain to 
be considered. First, collection to the vicinity of Barren Island, near the mouth of 
Jamaica bay, and treatment there, with a discharge of the effluent at sea. Sanitary 
considerations, such as have been mentioned in connection with the possibility of 
carrying the sewage to Staten Island, would weigh heavily against purifying the sew- 
age any more completely than is absolutely necessary at this point. The outlet would 
therefore have to be long enough to carry the sewage far from shore. 

Unless the sewage were purified in bacteria beds, it would be necessary to extend 
the outlet some miles out to sea beyond Rockaway Point in order to make sure that 
the sewage would not be carried back to the land by the wind and tide, and there are 
practical difficulties in the way of doing this. The necessary tunnel for this purpose 
would be very difficult to construct. It would have to be at least 75 feet below the 
surface of the water, in order to cross well beneath the deep, swiftly-flowing channels 
of Rockaway inlet. The water at this point is between 40 and 50 feet deep at low tide. 
Proceeding seaward it would not be found desirable to approach much nearer the 
surface with it. The point of outfall should probably be located about two miles from 
shore. This would be an unfavorable location for an outlet crib or other permanent 
structure, for it would be exposed to the full force of the Atlantic ocean and the shift- 


ing sands. This project thus has weighty arguments against it. 
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Estimate of Cost of Disposing of 250 Million Gallons of Sewage Per Day from a Crib 
Outlet in Lower New York Bay 


As far as the Lower East river, Hudson and Bay Division is concerned, the scheme 
is practically identical with that outlined, but in this plan the sewage from that part 
of the Jamaica Bay Division located in Brooklyn would be added to the sewage 
from the Lower East river, Hudson and Bay Division at the Coney Island pumping 
station after passing grit chambers and screens. The part relating to the Jamaica 
Bay Division may be considered a revision of the recommended project, but with the 
Coney Island pumping station near caisson No. 3, instead of Barren Island, the objec- 


tive point of concentration. 


The estimates are based on the 1915 flow from: 


Manhattan—Lower East river, Hudson and Bay Division.................... 99 mgd. 

Brooklyn — “ : % « cn is SA Mdl ae clareace sauce aoeaie a ae 104 “ 

Brooklyn’ —Jamaica' Bay Division. /.. 2.22. anes aetedoe ee eee eee 47 eh 
Totals ooo.c 5c aid Sa Soe apie eine 8 peel aed RAC eo 250 mgd 


The sizes of interceptors are based upon the anticipated sewage flow of 1960 except 
in crossing the East river and Coney Island ship canal and running northerly from 
the Wallabout pumping station in Brooklyn. These, with the outfall tunnel between 
the Wallabout pumping station and the outlet, would require duplicating in order to 
accommodate the flow expected in 1960. | 

The Jamaica Bay Interceptor. On account of the flat topography, the sizes and 
gradients are calculated for velocities of 214 feet per second when half full. This fixes 
the diameter at the 26th ward plant at 9 feet, which would increase to 12 feet 4 inches by 
the time it joined the Gravesend interceptor at Ocean Parkway. From this point, the 
interceptor would continue to the Coney Island pumping station with a diameter of 13 
feet 3 inches passing under the Coney Island ship canal in a 66-inch cast-iron siphon. 

The Gravesend interceptor would be 4 feet and the Shellbank interceptor 27 inches 


in diameter. 


Jamaica Bay Pumping Stations. Owing to the increased depth between Flatbush 
Avenue and Ocean Parkway over that in Project O0,* made necessary by the reversed 
direction of flow to the westward, the sewage from Caisson No. 3, Caisson No. 4 (Shell- 
bank treatment plant) and Ocean Parkway would not have to be pumped. There would, 
therefore, be no pumping required at the main interceptors between the existing 
“Gravesend” pumping station at Bensonhurst and the present East New York treat- 
ment plant. 


*The recommended project for Jamaica Bay. See Chapter V. 
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To raise the sewage from adjacent territory there would be required the following 
pumping stations: 


East New York. Paerdegat Gravesend 
PER EUW onc kite nce eas hc oh aS 23.7 mgd. 14.3 mgd. 3.3 med. 


It is assumed that the present building at East New York could be utilized for this 
purpose, in which case a new pumping station at Paerdegat would be the only one re- 
quired for the Jamaica Bay Division. 

Outlet. The submerged outfall tunnel would be 14 feet in diameter, laid to a crib 
in the Lower Bay. 

Cost. The entire cost of construction, as outlined above, adequate to handle 250 
mgd. sewage at first with provision for extension, is estimated at $20,984,000, and the 


annual charges, including interest and sinking fund, at $1,623,000. 


Locally Placed Settling Tanks 


This project contemplates treating the sewage of subdivisons 18, 14, 15, 24, 25 and 
26 of the Lower East river, Hudson and Bay Division by independent sedimentation 
plants. 

It is assumed that these six treatment plants would be located on what is now pri- 
vate property in the vicinity of the points of collection, and that marginal collecting 
sewers, tide gates and regulators would be provided. 

At the points of collection the sewage would be passed through coarse cage screens 
and grit chambers and, where necessary, would be pumped so as to provide ample head 
for delivery. 

For sedimentation modified Dortmund tanks would be provided, each hopper serv- 
ing an independent unit 30x30 feet in size inside. These, being on private property, 
would not require the costly reinforced concrete necessary for Emscher tanks placed 
under the street surface. 

The capacity of each tank when empty would be 11,500 cu. ft., giving a period of 
retention of 2 hours, and the depth from surface of sewage to the bottom of hopper, 
inside, would be 22.8 ft. As sludge would be drawn off daily there would be but little 
accumulation to shorten the above period of detention for the dry-weather flow. The 
maximum flow assumed would be three times the dry-weather flow, the surplus passing 
by storm overflows directly to the river. 

The cost of land for the treatment plants is very difficult to estimate, but in order 
to cover the cost of such buildings as may exist on the lots taken for the purpose and 


their removal it is based on twice the highest price per front foot given for property 
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that appears to be most suitable for the purpose, as stated in “Land Value Maps of 
the City of New York for 1911.”* Reduced to prices per square foot these are, for: 


Subdivision 13 14 15 24 25 26 


Trestion Roosevelt Broome E. 14th So. 5th Hudson Adams 
Street Slip Street Street Street Street 


Price per square foot......... $12.00 $6.50 $5.50 $6.00 $6.00 $10.00 








From the tanks the sewage would pass directly to the river by submerged outlets 
by one or more 36-inch pipes. Although the number and size of these would be deter- 
mined by the flow to be expected from each plant, it has been deemed sufficient for the 
present purpose to provide one 36-inch outlet for each 12 million gallons per day of 
mean dry-weather flow. | 

Sludge and screenings would be taken daily by a sludge steamer of 1,000 tons ca- 
pacity and dumped 4 miles E.S.E. of Scotland Light Vessel. The volume so disposed of 
is assumed as 5 cu. yds. per million gallons of sewage or 1,015 cu. yds. at 0.86 tons—873 
tons per day. The distance traveled would be about 10 miles while calling at the six 
plants in the East river to fill and 50 miles from the Battery to the dumping ground 
and back. One vessel could accomplish this, working night and day, but to allow for 
contingencies two vessels would be provided each loading one day and dumping the next’ 
or else doing both on alternate days. In spite of some lost time or, it might be said, 
excess capacity of steamer, it probably would not be wise to provide for less with the 
certainty of a continuous increase of output which would soon necessitate more ade- 
quate provision. 

Capacities are based on sewage volumes forecast for 1915, and the only additional 
cost for increased volumes will be for treatment plants and sludge disposal. 

The cost of construction is estimated at $6,901,000 and the annual charges at 
$552,230. 


TABLE XVII 


DaTA RELATING TO LOCALLY PLACED SETTLING TANKS 











Sub-division 13 14 15 24 25 26 Total 





Populations 1916.4. :4¢.-07 24 uae eee 202650 | 264300 | 221000 | 310310 | 401500 | 23500 | 1423720 
Mean dry-weather flow in mgd............. 42 25 32 34 66 4 203 
No. tanks Bb EUS Midd. 2 ose at een 40 24 30 32 58 4 188 
Area req’d @ .04 ac. each.........0.......05 1.60 .96 1.20 1.28 2.32 16 7.82 
Cubic yds. sludge daily @ 5 per mg......... 210 125 160 170 330 20 1015 
No. Outlet pipes @ 12 mgd. each........... 4 2 3 3 6 1 19 
Cost of screening plants................... $99800 | $77000 | $87100 | $89800 |$125100 | $30800 | $509600 
Coat of land foriplante "sl. Qin) Ice $40000 | ...... $19000 | $15000 | $10000 | $25400 | $109400 





*The Record & Guide Co.—Publishers. 
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Comparative Cost of Conveying 487 Million Gallons of Sewage Per Day from the Lower 
East River Section to Various Points for Disposal 


Following are comparative estimates of the cost of conveying the forecast sewage 
entering the East River, amounting to 487 mgd., to different points for disposal. The 
costs of collecting the sewage to a pumping station near the Navy Yard or, in the case 
of disposal on Staten Island near Linoleumville, to the Battery, are not included in 


the estimates: 


A. Intermittent discharge of crude sewage on outgoing tidal currents from an 


artificial island between Ambrose Channel and Coney Island. 


SEROTEC STPUCTION vc wleqicsctes Bee a ae elec e te bee $22,120,000 
Annual cost: 

Operation and maintemance...............00.. $1,338,700 

IRE CUA OCCR as net ees Oa ccs oe LOA Dak a ces 1,119,300 

$2,458,000 


B. Continuous discharge of screened sewage from an artificial island between 


Ambrose Channel and Coney Island. 


Prem CECA A EEALOLION Stic fe Som sy cle ole ss ws sia se wee Gee wpa $18,480,000 
Annual cost: 

Operation and maintenance................... $1,454,000 

POEOC SCH aT CS ay eke ale oy .tie.= -'s paces eo nmnbce we 6 935,000 

$2,389,000 


C. Continuous discharge from an artificial island between Ambrose Channel and 


Coney Island after passing through Emscher tanks. 


Re etme MC OUSEMOCLIOI: Gh. o Srl Sra! cinad we'd aistee sla win: «oy ai e's 0 $21,013,000 
Annual cost: 

Operation and maintenance................... $1,560,900 

PEER GUC AP SOS a aan ok es cea a tee 9 oh ee 1,063,300 

$2,624,200 


D. Discharge from submerged outlet in the ocean off Rockaway Point after 


screening on Barren Island. 


fost, Ole CONSUITLCEIOUS Leer ia scing oe Cae ree Sek gh sete a $19,837,000 
Annual cost: 

Operation .and maintenance. 2, 0... cee. we se sles $1,144,300 

Fixed. CHAaRQOs A )arfatats ccviee'e oe anapeun ists Babee tet us och 1,003,700 


$2,148,000 


138 PLANS FOR THE PROTECTION OF THE HARBOR 


E. Discharge from submerged ocean outlet off Rockaway Point after passing 


through Emscher tanks on Barren Island. 


Cost, of construction. «..'.+6 0244.) > Reale ene eee $22,492,000 
Annual cost: 

Operation and maintenance................... $1,196,100 

Hixed charges... ... s+ + «cc (eee epee een 1,138,100 

$2,334,200 


F. Discharge to Rockaway Inlet after passing Emscher tanks and sprinkling 


filter on Barren Island. 


Cost of construction. .. <3... wceiae alee ee eee eee $26,331,000 
Annual cost: 

Operation and maintenance..........,......%. $1,743,900 

Fixed charges... ..3..3..c.04 00s eke eee eee 1,332,400 

$3,076,300 


G. Discharge to Fresh Kills after passing Emscher tanks and sprinkling filters 


near Linoleumville, Staten Island. 


Cost of construction............. Pe Pate are se Serer yes Ceo $30,058,000 

Annual cost: 
Operation and maintenance................... $1,626,600 
Bixedcharves., 2. tec vee gs tno ye sie ee 1,520,900 
$3,147,500 


The above figures indicate that treatment by sprinkling filters either on Barren 
Island or Linoleumville would be far more costly than the other schemes, while the 
two least expensive are those involving screening only. If the point of disposal, in the 


latter case, were from an artificial island off Coney island 


the, first “cost would © be: noc). heey sks te in gee ree $18,480,000 

and the annual charges... <'s:. 356. ec «43, vies 1 6 epeasis me eee 2,389,000 
while if the discharges were in deep water off Rockaway Point 

the first’ cost. would: beta v7. 2. 2 Fee gs ee eee $19,837,000 

and. the;annwal charges): 42 <2. Wace. bee eee 2,148,100 


Recapitulation of Lower East River Projects 


Aside from various plans which have been made for carrying the sewage of New 
York to sea or to a central point for treatment, there have been developed seventeen 
projects for the disposal of the sewage of the Lower East river. | 


Of these projects, thirteen contemplated the complete removal of the sewage from 
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this vicinity, two to an outlet crib in the Lower Bay, where it would be discharged 
continuously, without other treatment than coarse screening before pumping, and 
eleven to an artificial outlet island at the same location, the treatment to consist of 
fine screening in one case and of sedimentation in the other ten. These projects dif- 
fered chiefly in the arrangement of interceptors and marginal sewers, territory in- 
cluded, and amount of sewage provided for. In two of these plans, removal to the 
ocean outlet island was contemplated as a final installation only, local treatment by 
fine screening being recommended as a first step in the construction. The project 
described in detail and recommended by the Commission and its consulting engineers 
is one of these. 

Of the four remaining projects, two contemplated treatment by locally placed 
settling tanks, grit chambers and screens, with discharge of the clarified effluent into 
the Lower East river. Two others involved treatment by chemical precipitation on 
artificial islands, one located south of, or as an extension to, Blackwells Island in the 
Lower East river, the other off Red Hook, south of Governors Island, in the Upper 
bay. 

The plan of intercepting the existing system of sewers was in all cases practically 
the same, either by marginal sewers feeding large interceptors, or by interceptors 
alone, paralleling the water-front, excepting in Projects VIII and IX, in which the 
laterals were intercepted inland, above the influence of the tide, and the territory 
between the interceptor and water-front was resewered to drain towards the former. 

Only one project, No. I, dealt with both the Harlem river and Western Jamaica 
sewage in addition to that of the Lower East river, while one other, No. III, dealt 
with the Western Jamaica sewage. Most of the ocean island outlet projects contem- 
plated, as a final installation, the removal of the sewage of the Western Jamaica 
subdivision. 

The quantities of sewage provided for varied from 133 to 987 mgd. The smaller 
figure is for Project XIII, first installation, consisting of the screening and subse- 
quent discharge into the East river of the sewage from subdivisions 13, 14 and 15 in 
Manhattan, and 24 in Brooklyn. The second figure is for Project I, consisting of the 
removal to sea of the sewage tributary to the East river below Hell Gate, subdivisions 
13 to 26, inclusive, with the Wards Island flow and that of the Western Jamaica sub- 
division. The costs ranged from $2,506,550 for Project XVI, consisting of screening 
and discharging from local plants the sewage of subdivisions 13 to 15 in Manhattan 
and 24 to 26 in Brooklyn, to $42,824,000 for Project I, as described above. 


CHAPTER VII 


FORM OF ADMINISTRATION RECOMMENDED FOR THE PROTECTION 
OF NEW YORK HARBOR AGAINST EXCESSIVE 
SEWAGE POLLUTION 


INTRODUCTORY 
In its report issued April 30, 1910, the Metropolitan Sewerage Commission 


described the conditions of sewerage and sewage disposal for the metropolitan area 
of New York and New Jersey and showed that the disposal of the sewage produced in 
this large territory was without control or regulation of any kind. The total extent 
of land and water included in the district was about 700 square miles. The popula- 
tion in 1910 was about 6,000,000 and the number of municipalities exceeded 80. 
Every city and town was permitted to collect and dispose of its sewage in such quan- 
tity and in such manner as it saw fit. It was customary to discharge into the nearest 
arm of the harbor with little or no regard to the volume of diluting water available at 
the point of outlet and without respect to the nuisance or injury to health which might 
be produced before the sewage was finally assimilated by the forces of nature. 

Lack of administration over the discharge of sewage had resulted in grave sani- 
tary evils not only to the municipalities, but elsewhere. Some of the sewers had been 
badly designed and constructed. In a large number of instances, the outlets were 
flooded by the tides, in consequence of which the sewage was driven back and afforded 
an opportunity to deposit and putrefy. The discharge of sewage usually took place 
into inadequate currents, with the result that many of the cities and towns polluted 
their own shores and waterways to a serious extent. With the increasing quantities of 
sewage which the rapidly growing population would produce, the harmful consequences 
of the chaotic methods of sewage disposal would be certain to multiply. 

In the Commission’s opinion, the problem of disposing of the sewage of the metro- 
politan district should be considered without regard to State, municipal or other 
political boundaries. The metropolitan area was tolerably well defined by topograph- 
ical conditions and by the distribution of population and the various parts of this 
territory were so related that the sewage of no section could -be disposed of without 
reference to the health and welfare of others. ; 

The harbor waters represented a great financial asset so far as sewage disposal 
was concerned, inasmuch as it was evident that large quantities of sewage could be 


discharged into the harbor without harmful consequences if the sewage was prepared 
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for this method of disposal by suitable treatment and the discharges were arranged 
to take place under advantageous circumstances. 

The Commission recommended that an interstate metropolitan district and com- 
mission be established for the central regulation of the disposal of the sewage of that 
part of New York and New Jersey whose natural drainage was immediately tributary 
to New York harbor. 

Since the report of 1910 was issued, further study has been made of the form of 
administration necessary for the metropolitan area of New York and New Jersey and 
the results of this study are set forth in the following pages. 

In addition to the form of supervisory control which it will be desirable to estab- 
lish over the disposal of sewage in the metropolitan district, provision should be made 
for a proper administration of such works of main drainage and disposal as are re- 
quired. No single connective system for the collection and disposal of the sewage of 
the entire territory is required. Any plan for collecting all the sewage to a central 
point for disposal would be extravagantly costly and would be unnecessary. The funda- 
mental principle which should govern the design of the main drainage and disposal 
works required should be to make full use of the digestive capacity of the harbor 
waters and the reasonable application of this principle requires that the sewage after 
proper preparation shall be discharged at a large number of points throughout the 
harbor. This plan will necessarily require the construction of a series of systems of 
main drainage and disposal, rather than a single united system. Careful attention 
should be given in each case to the operation of all the works and the several units, 
of which the composite whole is made up, should be most carefully and intelligently 
coordinated. 

In some instances the main drainage works for the disposal of the sewage of a 
large part of the territory should lie within the limits of a single municipality; in 
other cases various municipalities should combine. 

By far the most important works, as well as those of the most immediate necessity 
will be required for the City of New York. This fact became evident early in the 
Commission’s investigations and since the 1910 report was made a very large share of 
the Commission’s attention has been given to the design of the works required by that 
city. 

It will be possible and desirable for the works of main drainage and sewage dis- 
posal for New York to be confined to that city and yet physically united with the 
main drainage structures which may be required in the adjoining territory. In 
another report, the Metropolitan Sewerage Commission has described the works which 


New York should construct. In the following pages is given the plan of administra- 
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tion which the Commission considers desirable for the construction and maintenance 


of the necessary structures. 


QUESTIONS RAISED BY THE LEGISLATURE AND ANSWERS 


The Act of Legislature which provided for the creation of the Metropolitan Sewer- 
age Commission submitted four principal questions for the Commission to investigate 
and express an opinion upon. 

The act asks: 

1. Whether it is desirable and feasible for New York City and the municipalities 
in its vicinity to agree upon a general plan or policy of sewerage and sewage disposal 
which will protect the waters of New York bay and vicinity against unnecessary and 
injurious pollution by sewage and other wastes? 

2. What methods of collecting and disposing of the sewage and other wastes 
which pollute, or may eventually pollute, the waters contemplated in this act are most 
worthy of consideration? 

3. Whether it is desirable to establish a sewerage district in order properly to 
dispose of the wastes, and adequately protect the purity of the waters contemplated 
in this act, and, if so, what should be the limits and boundaries of this sewerage 
district? 

4. What would be the best system of administrative control for the inception, 
execution and operation of a plan for sewerage, and ultimate sewage disposal, of a 
metropolitan sewerage district; whether by the action of already existing departments 
and provisions of government, by the establishment of separate and distinct sewer- 
age districts and permanent commissions in each State, by one interstate metropolitan 
sewerage district and commission to be established by agreement between the two 
States, this agreement if necessary to be ratified by Congress or by other means? 

The Commission finds that: 

1. It would not be possible to protect the waters of New York bay and vicinity 
by inter-city agreement. There are about 80 municipalities concerned and the subject 
would be beyond their capacity to regulate properly. Existing departments and pro- 
visions of government cannot appropriately nor adequately deal with this question. 

2. Extensive main drainage works are required for the protection of the harbor, 
such as have been built for many other large cities and towns, the essential features 
of the necessary structures being intercepting and collecting stations, where the sew- 
age can be purified to a greater or lesser degree, depending on the requirements, and 
finally discharged into the tidal water. 
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3 and 4. There should be two forms of administration provided for. One of these 
should be of a general and supervisory nature and have jurisdiction over the entire 
metropolitan territory of New York and New Jersey.. The other should be for the 


construction and maintenance of the works. 


The duties of the supervisory body should be to compel cities and parts of cities 
within the district to carry out such works as may be necessary for the common wel- 
fare and to improve those parts of the harbor which threaten to give rise to nuisance 
of local character. Other construction work should be carried on as now, except where 
it can be more efficiently and economically done by special commissions, boards, de- 


partments or bureaus. 


I. AN INTERSTATE SUPERVISORY COMMISSION 


The supervisory commission should be established by acts of the Legislatures of 
New York and New Jersey, these acts to be confirmed by Congress. There should be 


a sewerage district under that commission. 


The most desirable limits for the sewerage district would include a territory of 
about 700 square miles about half of which would be in New York and about half in 
New Jersey. Within this territory there was in 1910 a population exceeding 6,000,000 
people. At the rate of increase which has been maintained for some years the popula- 
tion will exceed 11,500,000 by the year 1940. The quantity of sewage produced in 1910 
was about 765,000,000 gallons per 24 hours and it has been estimated that there will 
be over 1,700,000,000 gallons produced by the year 1940. 

Within the territory proposed for a metropolitan sewerage district no sewage is 
disposed of at the present time without producing a nuisance or serious risk of nuis- 
ance. There is no central sanitary control over the discharge of sewage by the 
national or state governments. The difficulties to be overcome in disposing of sew- 
age are of unusual difficulty and complexity owing to the great extent of the terri- 
tory, the large population and the many hydrographic, sanitary and economic ques- 


tions which must be considered in the localities concerned. 


The present condition of the harbor, the rapidly increasing quantities of sewage 
which are being discharged into it and the difficulty and cost of preventing excessive 
pollution make it evident that the time has arrived when the two States should place 
the protection of the waters against sewage in the hands of a single authority. It will 
be regrettable and expensive, not to say dangerous, if the existence of the State 
boundary line which runs through the center of the harbor is allowed to prevent the 


centralization of proper control over the sewage question. 
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The duties of an interstate sewerage commission for the metropolitan district of 
New York and New Jersey should be to require the construction of such works of 
main drainage as are needed to permanently improve and protect the waters of New 
York harbor and all the waters within the metropolitan sewerage district. The 
commission should not be charged with the duty of constructing local sewerage, main 
drainage or disposal works, but should have advisory authority over their design in 
so far as they may affect the condition of the harbor. The sewers needed for the 
purely local purpose of carrying the sewage from the houses to the water front or 
other point for discharge should be designed by the several municipalities. The 
main drainage or arterial sewerage systems needed to collect the sewage from the local 
sewers and carry it to the central points for disposal should be designed and built by 
the several municipalities acting conjointly, or by district sewerage boards created for 
the purpose of disposing of the sewage of considerable portions of the metropolitan 
district. Such purification works and outfalls as are required should be constructed 
by these sewer authorities or the district sewerage boards. 

The central board having jurisdiction over the metropolitan district should be 
composed of representatives or delegates from the States of New York and New Jersey 
and the United States Government. The duties of the central commission should be 
to prepare a general and normal standard of cleanness for the natural and artificial 
water courses within the metropolitan district, including, if deemed necessary, special 
standards for different places. Standards of different degrees of severity for the dif- 
ferent parts of the harbor may be found desirable, depending upon the uses to which 
the water is put and according to the quality and quantity of the sewage discharged, 
the topographical conditions and consequently the cost to the municipalities of produc- 
ing an effluent of good quality. From a comprehensive standpoint it may be more 
economical to demand compliance with a very high standard of purity for the sewage 
of some communities, rather than with a uniform standard from all where, for ex- 
ample, the local circumstances seem to justify such an exception. 

There should be considered not only the particular part of the harbor where the 
sewage is discharged, but those other parts which may be indirectly affected. There 
should also be considered the total quantity of sewage produced as well as the ratio 
which the sewage bears to the water into which it is discharged, and account should 
be taken of the possibility that objectionable deposits of sludge may occur. 

The central commission should determine where discharges of sewage may, and 
may not, take place and pass upon the quality of the discharging sewage liquor. The 
central commission should insist upon plans being furnished by cities or drainage 


boards representing parts or groups of municipalities for a progressive scheme of sew- 
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age disposal and should encourage the combination of cities and towns in the forma- 
tion of drainage boards when, in the judgment of the central commission, such boards 
are needed in order to make and carry out proper plans for the sanitary conservancy 
of the harbor waters. 

There should be drawn up a code of instructions or regulations covering, as far 
as may be, the general requirements of the central commission. There should be pre- 
pared standard specifications and a set of uniform designs with the object of making 
as uniform as practicable and more efficient the construction and maintenance of 
sewers and other appurtenances. 

The central authority should be authorized to carry on such experiments and in- 
vestigations as may be necessary in order to increase the existing knowledge of the 
principles of sewage disposal as they relate to the metropolitan territory. It should 
be their duty to make such studies of the harbor as may be necessary in order to 
form an authoritative opinion concerning dangers to health and risk of nuisance. 

Power should be given to the central commission to require accurate reports to 
be rendered by local authorities as to the volume and quality of sewage produced, 
progress and cost of sewerage and sewage disposal works, value of property, char- 
acter and extent of the industries and the financial status of the municipalities. 

The central commission should have power to enter upon all lands and property 
in the district at any time, and without notice, for the purpose of inspecting the local 
sewers, main drainage and disposal works and the sewage and for taking samples 
anywhere and in any part or parts of the local and main drainage and disposal 
works. Authority should also be given to require that all works connected with the 
collection and disposal of the sewage be so built as to permit samples being taken 
and gaugings of the flow to be determined except in those cases in which such con- 
struction would involve unreasonable cost. The central commission should be em- 
powered to make regulations as to the treatment of storm water as well as sewage. 

The central commission should have power to administer oaths and subpoena wit- 
nesses. It should be their duty to prepare and publish reports in regard to the prog- 
ress of the work being done in the district to effect a sanitary disposal of the sewage 
together with a statement of the size and distribution of population, the condition of 
health and the sanitary quality of the harbor waters. 

Also it should be the duty of the interstate commission to require the employ- 
ment of such methods of sewage disposal as will reasonably protect New York harbor 
and the other waters in the metropolitan district against excessive sewage pollution. 
This duty should be discharged with due regard to expense and the extent and nature 


of the existing evils. The work should proceed by degrees. The central commission 
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should deal first with the worst offenders, which will probably be found to be the 
largest cities and where the cost of substantial improvement will be least. By in- 
sisting upon comprehensive plans for sewage disposal being made at an early day, a 
program of sewer building which can be carried out as the growth of population and 
other circumstances require will be adopted, rather than definite plans for immediate 


and complete construction. 


II. A CONSTRUCTING COMMISSION FOR NEW YORK 


With respect to the form of administration which should have charge of the con- 


struction of the engineering works for New York, the following recommendation is 
made. 


The works should be built by a special commission. The sewage problem is essen- 
tially one problem and not an aggregation of more or less loosely related parts. The 
pollution is not only local but general, and the system which is to correct the con- 
ditions should be one general system. Such divisions of the work as are necessary 
should depend chiefly upon topographical conditions and the facilities which the 
various sections of the harbor afford for the assimilation of sewage, and not upon 
political boundaries. The works would be of such magnitude that they should receive 


the concentrated attention of a special board or commission. 


The creation or designation of a central commission to construct main drainage 
and sewage disposal works would be in accordance with precedent, as witness the pro- 
vision made for constructing New York City’s water supply and rapid transit systems, 
the metropolitan sewers of Boston and vicinity, the main drainage system of the 
London County Council, the drainage and disposal works of Birmingham and neigh- 
boring municipalities, the sewage and drainage works of the Emscher Valley in Ger- 
many, the trunk sewer system of the Passaic Valley in New Jersey and the sewage 
disposal works of Chicago. 

In some cases, but not all, the main drainage commissions are temporary in char- 
acter and when the work for which they have been created is completed, they go out 
of existence and the result of their labor is turned over to some permanent and 


usually pre-existing department. 


For a special commission to be created for the main drainage of New York, 
special legislation would doubtless have to be secured at Albany. This legislation could, 
with advantage, be modeled to some extent upon that of the Catskill Water Board. 

The work of constructing the main drainage works required for New York could 
be placed in the hands of the New York Water Board, the powers and duties of that 
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body being appropriately altered by legislative act for that purpose. The Water 
Board has a large engineering and clerical organization. It is nearing the comple- 
tion of its undertaking. Its engineering works have been hydraulic in character and 
of magnitude commensurate with the main drainage and sewage disposal plants. The 
Commission is already in existence and possesses machinery for the conduct of its 
affairs. These are among the obvious advantages which could be gained by placing the 


main drainage works in the hands of the Water Board for construction. 


- If the works were built by a central commission, that commission would be as 
responsible and responsive to one section of the city as to another. Security in this 
respect would not depend upon harmony and co-operation, as it would if the construc- 
tion of the works were placed in the hands of the boroughs. Being for the benefit of 
New York harbor and the city as a whole, questions of local interest should be made 
subservient to those of the general welfare and this could best be secured by a board 
composed of men representing the city at large. The undivided time and attention 
of a central commission being given to the subject for which it was created, there 
would be no lapse of interest or lack of attention to the work. 

Borough construction, however appropriate it may be.for local drainage, the 
object of which is to improve the city’s occupied land, is not so suitable for main 
drainage and sewage disposal works whose purpose it is to improve and protect the 
city at large and its general waterways. Harbor work should be, and generally is, 
strongly centralized, as, for example, dredging and dock building. 

If the work were placed in the hands of a central commission, no time or energy 
would be lost in overcoming the inertia of a borough whose duty it was to construct 
works chiefly for the benefit of other boroughs, or in weighing the relative merits of 
rival schemes presented by the several boroughs for mutual improvement, or passing 
judgment upon measures intended primarily for local benefit. 

The construction of a main drainage and sewage disposal system requires a high 
degree of scientific and technical skill. A central commission with a single corps of 
technical assistants would be less expensive for the city to maintain than a separate 
corps in each borough. The experience gained in constructing and operating the 
works in one locality should be completely available for the benefit of all. This would 
be automatically provided for in a central constructing commission. 

In arriving at a conclusion upon the subject of administration, the commission 
had the benefit of the views of a number of citizens who, from official position or 
other practical experience, are particularly well qualified to advise. The number 


included Ex-Mayors Seth Low and George B. McClellan, also Messrs. Lawson N. 
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Purdy, Robert W. DeForest, Henry R. Towne, E. H. Outerbridge, Charles Strauss 
and George L. Rives. 


The work of the Metropolitan Sewerage Commission throughout has been based 
upon the theory that the problem of disposing of New York’s sewage without harm 
to the public health and welfare was city-wide in scope, demanding comprehensive 


solution and strongly centralized control. 


It is the opinion of the Commission that the construction and maintenance of the 
works should be placed in the hands of a special commission existing for that pur- 
pose. It is possible that where parts of the system would be situated wholly within a 
borough, it might be desirable to turn those parts over to that borough to operate 


under the regulation and control of the central commission. 


If a commission were created to construct such sewerage works as New York 
requires, it should take over the effects of the Metropolitan Sewerage Commission, 
make the final detailed plans and estimates required and, after duly submitting its 
projects to the Board of Estimate for approval, proceed with the construction. 

In this way the city would be certain to obtain the benefit of such works as would 


be needed and without unnecessary loss of time or expenditure of money. 


There would be no delay for investigations of an academic or unnecessary char- 
acter. The city would be protected against the extravagance of building works long 


before or long after they were needed. 


The detailed planning being in the hands of the constructive body, responsibility 


for obtaining practical results at a minimum of expenditure would be concentrated. 


In preparing a bill for the new commission, it will be desirable to be guided by 
Chapter 724 of the Laws of 1906, which is the basic legislation for the Catskill Water 
Board. That act covers much of the material which will be required on the organ- 
ization of an independent board of main drainage and sewage disposal and hence fur- 
nishes material which, having been tested, may safely be followed. It also furnishes 
much which by a similar test it would be wise to avoid. General heads for the bill 
follow: | 

1. Take over, continue and extend the work of the Metropolitan Sewerage Com- 
mission. 


2. Make such detailed investigations, including surveys and borings, as may be 
necessary to make contract plans and estimates for the construction of a system of 
main drainage and sewage disposal for New York City. 

3. Prepare the necessary plans and estimates. 

4. Construct the main drainage and sewage disposal works required after they 
have been duly approved by the Board of Estimate and Apportionment. 
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5. Operate the works after construction or, where parts are situated wholly within 
a borough, perhaps turn those parts over to that borough to operate under the regu- 
lation and control of the central commission. 

6. The commission should be appointed by the Mayor and report to him. 

7. Authority should be given for the employment of an engineering and clerical 
force and such other assistants as may be necessary for the performance of the duties 
specified. 

8. Appropriations for the work to be done should be made by the Board of Esti- 
mate and Apportionment in accordance with provisions of the Catskill Water Board. 

9. The codperation and assistance of the Sewer Bureaus of the city should be 
given as, and when, requested by the new commission. 

10. The work of the new commission should not overlap that of the Sewer Bureaus 
as provided by the city charter except where unavoidable in providing for the main 
drainage and disposal of the city’s sewage. 

11. Corporate stock of the City of New York should be authorized to be issued 
by the Board of Estimate and Apportionment without the concurrence or approval of 
any other board or public body, in accordance with section one hundred and sixty- 
nine of the Greater New York Charter, in order to provide the means for carrying out 
the provisions of this act. All payments from the sale of such corporate stock should 
be made upon proper vouchers in accordance with the laws and regulations now in 
force for the payment of money by the Comptroller of the City of New York. 

12. Authority should be given for the acquirement of such property as may be 
needed for the construction of the main drainage and disposal works after due and 
proper authorization has been given. 
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PART III 


Reports of Experts Consulted by the Commission 


CHAPTER I 


CRITICAL REPORTS ON THE COMMISSION’S WORK WITH SPECIAL 
REFERENCE TO THE MAIN DRAINAGE SYSTEM PROPOSED 
FOR THE PROTECTION OF THE LOWER EAST RIVER 
AND OPINION OF THE COMMISSION WITH 
RESPECT TO THESE REPORTS 


I 
INTRODUCTORY 


Of the five experts whose reports are here published, all are in agreement with the 
Commission in the opinion that main drainage and sewage disposal works are required 
for the protection of the Lower East river and that the time has come to begin their 
construction. 

Three of the five are convinced that nothing short of the removal of a large part 
of the sewage naturally tributary to this part of the harbor will produce the improve- 
ment needed; the other two consider that partial purification and local discharge will 
be sufficient, at least for many years. 

The Commission’s opinion is that the removal of not less than 200 million gallons 
of sewage per twenty-four hours to an ocean outlet is a project to which the city should 
look forward as an early necessity and it has provided general plans and estimates to 
accomplish this result. The Commission recommends that the ocean island project be 
carried out in progressive stages, the first of which would be the collection of the 
sewage to a number of central points for screening and local discharge through sub- 
merged outlets. If experience shows this method of disposal to be insufficient, the 
local outlets would be discontinued and the sewage would be carried to sea. With 
this method of procedure, the Commission and its advisers are in complete accord. 

The reports are so important that the Commission publishes them here in full. 
‘To facilitate an understanding of the principal subjects dealt with, particularly the 
oxygen standard and the project for the relief of the Lower East river, it has seemed 
desirable for the Commission to preface the reports with an introductory note, a digest 
of the reports and the Commission’s opinion upon the main points which the experts 


have discussed. 
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THE OXYGEN QUESTION 


All who possess an adequate and unprejudiced knowledge of the harbor recog- 
nize that (1) the water is now inadmissibly polluted, and is especially foul in some 
locations; (2) extensive works of main drainage and sewage disposal are required 
in order to improve and permamently protect the harbor; (8) the construction of the 
necessary works should be placed in the hands of a central constructing body; (4) - 
the system of main drainage and sewage disposal which the city requires should be 
begun at once and added to gradually as their necessity is recognized; (5) the prin- 
ciple of development should apply not only to the gradual extension of the collecting 
system, but to the efficiency of the method of disposal; (6) the requirements of the 
future will be more exacting than those of the present in regard to the degree of 
cleanness which should be maintained in the waterways; (7) the increasing quan- 
tities of sewage will make the realization of any standard increasingly difficult, and 
(8) in disposing of the sewage the digestive capacity of the water for sewage matters 
should be utilized to the fullest extent compatible with a due regard to the public 
health and welfare. 

In the Commission’s opinion itis not indispensable that any pronouncement as to 
oxygen should be made in the standard of cleanness, since, if the remaining specifica- 
tions of the standard are faithfully carried out, there will be enough oxygen in the 
water to meet all reasonable requirements. A limit to the exhaustion of the oxygen is 
desirable merely as an amplification of the other specifications of the standard. The 
oxygen which exists in dissolved form in the water is a convenient measure of the rela- 
tive intensity of pollution and nothing more. It is superior to other measures of pollu- 
tion in that it is definite and can readily be made and interpreted. Resting upon ac- 
curate analysis, it is independent of such sources of error as are inseparable from tests 
which depend upon personal judgment. It is not practicable to describe the appear- 
ance or odors of pollution with anywhere near the accuracy with which the amount of 
dissolved oxygen can be expressed. 

With reference to its definiteness and adequacy, the oxygen test is probably 
the best chemical criterion to be found. It has been used by the Commission al- 
most to the exclusion of the far more elaborate and difficult determinations of 
nitrogen which were formerly considered to be indispensable as a means of accurately 
measuring the extent to which a natural body of water was polluted. It has recently 
come into favor with other investigators, a notable example of its value being afforded~ 
in the Eighth Report of the Royal Commission on Sewage Disposal of Great Britain, 
issued in 1913. But the importance of the oxygen test, like any other measure, de- 
pends upon its application; and since experience now shows that it may be misunder- 
stood, even by experts, it may be omitted. 


a 
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Omitting the reference to oxygen,* the Commission’s standard of cleanness is as 
follows: 

1. Garbage, offal or solid matter recognizable as of sewage origin shall not be 
visible in any of the harbor waters. 

2. Marked discoloration or turbidity, effervescence, oily sleek, odor or deposits, 
due to sewage or trade wastes, shall not occur except perhaps in the immediate 
vicinity of sewer outfalls, and then only to such an extent and in such places as may 
be permitted by the authority having jurisdiction over the sanitary condition of the 
harbor. 

3. The discharge of sewage shall not materially contribute to the formation of 
deposits injurious to health or navigation. 

4. The quality of the water at points suitable for bathing and oyster culture 
should conform substantially as to bacterial purity to a drinking water standard. It 
is not practicable to maintain so high a standard in any part of the harbor north of 
the Narrows, or in the Arthur Kill. 


PROJECT FOR THE PROTECTION OF THE LOWER EAST RIVER 


It is proposed to carry about 200 million gallons of sewage from those parts 
of Manhattan and Brooklyn which are naturally tributary to the Lower East 
river to an island to be built in the ocean about 3 miles from shore. The rest of the 
sewage tributary to the Lower East river and that naturally flowing to the Upper bay 
and the Hudson would be passed through grit chambers and screens and discharged 
at the bottom of the neighboring channels well out from shore. 

The ocean island project would collect the sewage by intercepting sewers run- 
ning along the water-front and passing by a siphon from Manhattan to a point near 
the Brooklyn Navy Yard. A pumping station would force the sewage through a 
tunnel to the island where, after passing through settling basins, the sewage would 
be discharged into the surrounding water under such circumstances as would insure 
prompt diffusion and digestion. The Commission’s preliminary studies indicate 
that the total cost of construction for the ocean island outlet would be about $21,- 
466,000, including $4,072,000 for the Jamaica bay division. The fixed charges would 
be about $1,086,000, allowing $206,000 for the Jamaica bay division. The total main- 
tenance and fixed charges were estimated at $1,598,000, including $286,000, charge- 
able to the Jamaica bay division. The construction of the island has been estimated 
at $615,000. | 

* Except in the immediate vicinity of docks and piers and sewer outfalls, the dissolved oxygen in the water 
ee of ob derreoe ©. 4 Gang eutiriciars of coven per liter correnpond 


to 58 per cent. of saturation.) Near docks and piers there should always be sufficient oxygen in the water to prevent 
nuisance from odors. 


156 REPORTS OF EXPERTS 


Modifications of the ocean island project, as first proposed, have shown the possi- 
bility of materially reducing the cost without impairing the effectiveness of the scheme 
of protection for the Lower East river. In accordance with these modifications, a large 
amount of storm water originally provided for would be excluded from the works and 
provision would not be made for receiving the Jamaica bay sewage. The sizes of the 
interceptors and tunnel and of the settling basins would thus be reduced and the cost 
could be cut down to about $14,000,000, and the yearly cost to about $1,000,000. If it 
were thought desirable to build the works piecemeal, it would be feasible to construct 
the interceptors and carry the sewage to the two centrally located points on the 
Lower East river which would ultimately be connected by an inverted siphon. Here 
screens could be employed until such time as the need of entirely removing the sewage 
from the Lower East river territory became recognized. After passing through the 
screens, the sewage would be discharged into the water of the Lower East river. When 
it became necessary to complete the scheme, there would be left for construction the 
inverted siphon between Manhattan and Brooklyn, the pumping station to force the 
sewage to the ocean, the force main and the island. Reduced to these lowest terms in 
order to show how the works could be constructed gradually, the first cost would be 
$4,000,000. . 

The ocean island project is not intended to relieve the Lower East river of all 
the sewage which is now tributary to that stream, much less that which will be trib- 
utary in the future. Its object is merely to remove a sufficient part of the burden of 
pollution to permit the water to assimilate the remainder without offense. The Com- 
mission’s island project applies to only six of the fifteen sub-divisions of Manhattan 
and Brooklyn which are tributary to the Lower East river. These six produce 203 
of the 288 million gallons of sewage which it is estimated is now (1914) flowing into the 
East river between Hell Gate and the Battery. By the year 1960 the total quantity 
of sewage entering will be at least 500 million gallons per day and at that time the 
ocean island project, if in operation, will be taking less than one-half of the total 
contribution. 

In addition, there will be discharged from the Wards Island works or, if these 
are not built, from some part of the Harlem territory 302 million gallons of sewage 
per day by the year 1960. Therefore, if the ocean island is built, there will be dis- 
charged into the Lower East river the sewage just referred to as the Wards Island 
effluent, amounting to 302 million gallons and the effluent which can receive no more 
than screening from the rest of the East river parts of Manhattan and Brooklyn, 215 
million gallons in 1960, amounting to upwards of 500 million gallons per day. 


The ocean island plan was made after carefully considering a number of alter- 
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native methods of disposal, including (1) treatment in works situated on the shores 
of the territory from which the sewage was derived and the subsequent discharge of 
the effluent into the adjacent waters; (2) removal to Wards Island at Hell Gate for 
treatment and discharge; (3) pumping to Staten Island and treatment at that point 
with discharge into the Arthur Kill or by means of a tunnel through Staten Island 
into Lower New York bay; (4) conveyance through a force main to Barren Island, 
treatment at that point and discharge into Rockaway Inlet or into the ocean off 
Rockaway Point. 

For that part of the sewage which is naturally tributary to the Lower East river, 
Hudson and Bay not otherwise provided for, the Commission recommends screens and 
grit chambers as the treatment most appropriate before discharge at the bottom of 
the nearest deep tidal currents. The exact number and location of the screening 
stations would depend upon local detailed surveys and other information which it has 
been unnecessary to obtain before the work is put in hand for construction. Careful 
studies have been made of all typical situations which show the essential character of 
the work to be done and the difficulties to be overcome. It is estimated that the first 
cost of a grit chamber and screening plant will average about $100,000, and the annual 
charges about $5,000, where pumping is not required. The total number of stations 
would probably not exceed 20. 


In many respects the making of plans for the disposal of the sewage of that part 
of New York draining naturally to the Lower East river has been the most 
difficult part of the Commission’s work. The large volume of sewage to be dealt 
with, the relatively small body of water into which it is now discharged, the necessity 
for keeping the river clean enough to answer the requirements of the heavy shipping 
and of the dense population situated upon the shores and the absence of suitable 
areas of low-priced land within many miles have made the preparation of a plan of 
Sewage disposal for this territory particularly difficult. 

Instead of carrying out the project with its interceptors, siphon, pumping station, 
main, island and settling basin disposal plant as one undertaking, the Commission 
recommends that only the first step in the execution of this comprehensive plan be 


undertaken immediately. 


The works to be taken in hand at first would be, for Manhattan, an intercepting 
sewer running along the Manhattan water front from the Battery at the south and 
26th Street at the north to a point near Corlears Hook, where a screening and pumping 
station would be located. The screens would operate upon the most efficient principle 
for fine screens. The sewage, after screening, would be discharged well out from shore 
at the bottom of the river through multiple outlets. 
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On the Brooklyn side, the sewage would be collected by an interceptor from 
Classon Ave. at the south to Newtown Creek at the north to a point near South 5th 
Street, where it would be passed through screens like those on the Manhattan side of 
the river and pumped through submerged outfalls lying on the river bottom to a dis- 
tance sufficiently far from shore to insure immediate and thorough diffusion. 

The sewage from the rest of the Lower East river territory in Manhattan and 
Brooklyn would be collected for screening and discharge probably to as many points as 
there were subdivisions or principal drainage areas. If, after the foregoing works 
shall have been carried out, it be found necessary to afford further protection to the 
Lower East river, the city could proceed to construct an inverted siphon to carry the 
sewage of lower Manhattan beneath the East river to the Brooklyn shore where, after 
joining the sewage from the screening plant at South 5th Street, it would be pumped 
to sea by means of pumps and a force main to be constructed for this purpose. 

In this stage of the development of the project, the sewage would be discharged 
through multiple outlets arranged from an outlet island. The sewage would have 
been screened and perhaps aerated and disinfected before arriving at the island. 

In the final development of the project, the treatment works, presumably consist- 
ing of settling basins, would be built. The sewage would pass through the settling 
basins and receive such additional treatment as might be necessary before discharge. 

In the systematic and gradual development of the ocean island project as here 
indicated, it will be possible for the city to proceed without large expense in any year 
and to test by actual experience the necessity for each step before it is taken. In case 
it is not thought necessary to proceed in this deliberate manner, it will be possible to 
combine the two last stages and build the siphon between Manhattan and Brooklyn, 
the pumping station, force main and island works at one time. 

The gradual construction of the outlet island, in accordance with the plan here 
proposed, would make it unnecessary to sacrifice any considerable part of the works 
constructed in any stage by reason of their becoming useless in the succeeding stages 


of development. 


II 
SYNOPSIS OF THE EXPERTS’ REPORTS 


REPORTS OF MEssrs. FOWLER AND WATSON 


Before arriving at an opinion as to the best solution of the Lower East river 
problem, the Commission laid its alternative schemes before two prominent and un- 
prejudiced sewage experts, Dr. Gilbert J. Fowler, of Manchester, and Mr. John D. Wat- 
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son, of Birmingham. These experts were requested to come to New York and study 
the data which had been collected by this Commission, remaining long enough to be- 
come personally acquainted with the situation and to weigh the relative merits of the 
alternative plans which had been made. They came to America separately and made 
their studies independently of one another, although while still in New York and later 
in England they met and exchanged views. Messrs. Fowler and Watson are acknowl- 
edged leaders in the science and art of sewage disposal and are known throughout 
Europe and America not only for their professional attainments in this field, but for 
their broad experience and sound judgment in dealing with new problems. Each has a 
large consulting practice and has repeatedly been called beyond the confines of his 


country to furnish advice on the disposal of municipal sewage. 


Dr. Fowler, a chemist, is a Doctor of Science, Fellow of the Institute of Chemistry, 
Fellow of the Royal Sanitary Institute of Great Britain and author of numerous 
reports, papers and contributions to the subject of sewage purification. He has been a 
contributor to the work of the Royal Commission on Sewage Disposal, whose pub- 
lished researches constitute the most exhaustive and valuable reference works on 
sewage in any language. The disposal works of Manchester, England, of which Dr. 
Fowler is chemist, have been developed under his direction to a high point of efficiency. 
These works include screens, settling basins, contact beds, sludge storage reservoirs and 


' steam vessels for transporting the sludge to the open sea. 


Mr. John D. Watson, who is a member of the Institute of Civil Engineers of 
Great Britain, a Fellow of the Royal Sanitary Institute and President of the Insti- 
tute of Sanitary Engineers, is a consulting engineer. His published addresses re- 
viewing the status of sewage disposal methods are among the most notable papers 
which have appeared upon the question. Like Dr. Fowler, he has been identified 
with the work of the Royal Commission on Sewage Disposal. Mr. Watson is the 
Chief Engineer of the Birmingham, Tame and Rea District Drainage Board 
and in this capacity has charge of the sewage purification works for Birmingham and 
various cities in its vicinity, works which are as large and efficient as any of their 
kind. Originally consisting of farm lands, where the sewage was taken for disposal in 
the hope of utilizing its manurial properties, the Birmingham works have been rebuilt 
by Mr. Watson in accordance with modern scientific principles and include settling 
basins, sludge-digesting tanks, supplementary settling basins, percolating filters, 
screens and sludge-drying beds. 

The reports of Messrs. Fowler and Watson, therefore, approach the subject with 
peculiar authority and from the separate standpoints of the chemist and the engineer. 


Each recognizes the necessity of stopping the existing pollution and improving the 
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harbor without loss of time and each critically discusses the extent and nature of the 
works which will be required. In each the conclusion is reached that a large part of 
the sewage which is tributary to the Lower East river and Harlem should be collected 
in intercepting sewers near the water front and carried by a tunnel to an island to be 
constructed in the sea at the mouth of the harbor, there to be discharged after enough 
of the impurities have been removed to insure that no nuisance or injury to health 
will result from the effluent. This project was described by the Metropolitan Sewer- 
age Commission in its Preliminary Report VI, issued under date of February, 1913.* 

The standard of cleanness proposed by the Commission in its report of August, 
1912, was approved by Dr. Fowler and Mr. Watson as a guide of minimum require- 
ments. Mr. Watson, like most of the other sanitary experts who have been called 
upon to advise in regard to this standard, would have the harbor waters kept cleaner 
than the Commission’s provisions demand. Dr. Fowler discusses the present pollu- 
tion in considerable detail and gives much attention to the need of cleanness with 
respect to these waters. Both experts lay emphasis upon the fact that the pollution 
has reached large proportions and is rapidly increasing. 

The opinion is expressed by both experts that if the digestive capacity of the harbor 
for sewage is not to become overloaded to the point of an intense general nuisance, it 
will be necessary to carry a large part of the sewage away for disposal, it being, in 
their judgment, beyond the range of practicability to purify it sufficiently upon the © 
shores of the territory in which it is produced to permit the effluent to be discharged 
into the neighboring waters. 

It is pointed out that sewage works possessing high efficiency are so likely to pro- 
duce odors and nuisance from flies that it is desirable to avoid the construction of such 
works within the city limits. For this reason it is their opinion that only such com- 
paratively crude and simple processes as employ settling basins, grit chambers and 
screens should be considered for installation on the shores of Manhattan Island and 
central Brooklyn. There is no land anywhere within the limits of Greater New York 
upon which it would be permissible to construct works capable of purifying the sewage 
tributary to the Lower East river and Harlem by percolating filters, such as Mr. — 
Watson employs at Birmingham, or contact beds, like those Dr. Fowler uses at Man- 
chester, because of the nuisance which would result from the works. 

After discussing the alternatives, Messrs. Fowler and Watson arrived at the con- 
clusion that the proper solution of the problem was to carry the sewage naturally 
tributary to the Lower East river, and eventually that tributary to the Harlem, to an 
island to be built at sea. On this island the sewage should be passed through settling 
basins and perhaps treated with electrolyzed sea water, in accordance with a method 
" #8ee also Part II, Chap. VI, this report. : 
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with which the Metropolitan Sewerage Commission had made some experiments. The 
effluent from the island should be discharged in such a way as to cause it to be thor- 
oughly mixed with large quantities of fresh sea water and the organic matters oxidized 
and rendered permanently harmless and inert by natural agencies. 

Neither Dr. Fowler nor Mr. Watson was dissuaded from endorsing this project on 
account of its cost. Their opinion was that the money for such sewage works as are 
necessary for the health, welfare and reputation of the port would be forthcoming, 
when once their necessity was understood. It is pointed out in the reports that other 
cities, and among them many small places, have spent much more per capita for sewage 
disposal than would be required here. 

Mr. Watson’s report gives considerable attention to the form of administration 
which is best suited for the construction and maintenance of the necessary sewers and 
disposal works and his experience gives him special qualifications to deal with this sub- 
ject. - He recommends that a commission be created which shall have charge of the 
building and maintenance of such sewage disposal stations as are necessary for New 
York and, in this suggestion, Dr. Fowler, with a knowledge of the details of the recom- 
mendation and familiar with the experience of cities and towns, concurs. 

Following the critical reports of Messrs. Fowler and Watson, the Commission is- 
sued its Preliminary Report VI, in which the project of the ocean island was described, 
together with a considerable part of the argument which led the Commission to 
suggest this as a most desirable plan for the disposal of the Lower East river sewage. 
The reports of the two experts were published together as Preliminary Report VII in 
February, 1913. 


REPORTS OF MESSRS. FULLER AND HERING 


In the summer of 1918, the Commission called upon Mr. George W. Fuller to 
state whether, in his judgment, the art of sewage treatment had reached such a point 
of development as to warrant New York City, at this time, in adopting a general plan 
and policy for main drainage and sewage disposal. 

Mr. Fuller is a graduate of the Massachusetts Institute of Technology and was, 
for some years, bacteriologist in charge of the Lawrence Experiment Station of the 
Massachusetts State Board of Health, where extensive experiments in sewage and 
water purification have been carried on for years. He has been the sanitary adviser 
of many cities and towns in the United States in regard to water supplies and sewage 
disposal works. Mr. Fuller was one of the advisers of the Passaic Valley Sewerage. 
Commissioners of New Jersey, which is constructing a trunk sewer to carry the sewage 
of Paterson, Newark and about twenty cities and towns in New Jersey with an esti- 
_ mated population in 1940 of 1,649,000 inhabitants to Upper New York bay for discharge. 
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In July, 1913, Mr. Rudolph Hering of New York was engaged by the Commission 
to review its work, the ground to be covered being the necessity and sufficiency of the 
plans which the Commission was preparing for the disposal of New York’s sewage. 
It was stated that this study should consist of an examination of the Commission’s 
reports and other data and a consideration of the engineering principles upon which 
the plans were prepared. 

Mr. Hering, who is a prominent sanitary engineer, has long been recognized as a 
leading advocate of the disposal of sewage by discharge into natural bodies of water, 
where this can be done without harmful consequences. He has made numerous inves- 
tigations and reports on the disposal of the sewage of cities. For some years Mr. 
Hering was the engineer of the Passaic Valley Sewerage Commissioners and took a 
prominent part in preparing their plan to discharge about 215,000,000 gallons of sewage 
per day into New York harbor. It was at first proposed to discharge this sewage in a 
crude condition, but later at the instance of the United States Government it was 
agreed that the sewage should first be passed through screens and settling basins. 

The reports of Messrs. Fuller and Hering are similar in scope, treatment and con- 
clusions. Each report proposes that the Commission’s oxygen standard be cut in half 
and opposes the ocean island project for the protection of the Lower East river and in 
place of this plan recommends partial and local treatment for the sewage and its local 
discharge into the harbor.* 

A large part of the reports of Messrs. Fuller and Hering is given to a discussion 
of the oxygen problem as it relates to the disposal of sewage through dilution with 
the harbor waters. 

Mr. Fuller is of the opinion that the Commission’s oxygen standard of a minimum 
of 3 c. c. per liter of water which, under summer conditions, is equivalent to about 58 
per cent. of saturation can safely be reduced by one-half, provided that sludge is not 
allowed to accumulate to such an extent as to become a serious factor in absorbing 
oxygen from the water. : 

Mr. Hering recommends 25 per cent. asa minimum oxygen standard with frequent 
Sludge removal. Both experts hold the opinion that sludge is an important factor, not 
only in exhausting oxygen from the water, but in producing nuisance from odors, a view 
which the Commission’s investigations fully justify. 

Elsewhere in this report (in the introductory note to the reports of the experts) 
will be found an expression of the Commission’s opinion with respect to the oxygen 


standard. 


* As has been stated elsewhere, the reports of Messrs. Fuller and Hering have been supplemented by letters 


Sue Oe the Commission’s recommendation that the city proceed with the gradual construction of the ocean island 
project. 
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Mr. Fuller states his opinion that the present status of the art of sewage dis- 
posal and the developments which are likely to be made in future warrant the adop- 
tion at this time of a definite policy for the main drainage of the city. Much space is 
given to a restatement of the Commission’s position that the sewage of the whole city 
should not be collected to a single point for disposal. After reviewing the various forms 
in which this idea has been studied and the Commission’s reasons for rejecting it,* Mr. 
Fuller concurs in the findings of the Commission on this proposition in all its phases. 

Mr. Fuller confirms the opinion expressed by the Commission and by Messrs. 
Fowler, Watson and Datesman that highly efficient purification works, such as 
sprinkling filters, should not be located in the built-up parts of the city because of 
the danger that offensive odors will be produced by them. He concurs in the view 
of the Commission that the digestive capacity of the harbor for sewage should be 
utilized to as great an extent as is compatible with a due regard to the protection 
of the public health and the avoidance of nuisance. He agrees that the sludge 
and screenings extracted from the sewage can most advantageously be disposed of 
_ by barging to sea and he does not look forward to the probability that sewage can 
profitably be utilized in the near future. Two-story tanks of the Imhoff type, as 
compared with single-story tanks of the Dortmund type, are not justifiable, in his 
opinion, when the comparative cost of the two are taken into consideration. 

In discussing processes of sewage treatment, Mr. Fuller lays much emphasis upon 
dilution and here, as elsewhere in his report, the discharge of sewage into natural 
bodies of water under proper conditions is strongly advocated as a reliable and efficient 
method of disposal. Aeration is described as a promising means of guarding against 
the putrefaction of sewage before treatment or discharge, but, except for limited quan- 
tities of unstable organic substances, aeration cannot be counted upon as an oxidizing 
agent. Electrolytic treatment to oxidize sewage seems to Mr. [uller to have little 
value, but the electric production of a coagulant to precipitate colloidal and other non- 
settling organic matters, as done experimentally in the Commission’s laboratory, may 
be of considerable use. Fine screens can remove more organic matter for a given cost 
than can any other type of apparatus and the limited and unsatisfactory experience 
which has been had with them in America should not prejudice one against their more 
reliable and continuous service as already shown in Germany, for example. The best 
results from sedimentation are to be had with detention periods of two hours. For 
New York, Mr. Fuller favors single-story tanks with hopper bottoms, such as the Com- 
mission has proposed throughout its planning, on the ground that it is undesirable to 
septicize the sludge near its points of origin. As compared with settling basins, 


*See Preliminary Report I, issued September, 1911. 
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screens are desirable only where it is necessary to remove relatively large sewage 
solids. Mr. Fuller does not approve of chemical precipitation unless in exceptional 
cases because of its cost and the difficulty of disposing of the resulting sludge. 

Mr. Fuller agrees with the Commission that the sewage of the Lower East river 
territory could be satisfactorily disposed of by diversion to an artificial island at sea, 
but he does not think it necessary to deal with it in this manner. Mr. Fuller 
is of the opinion that the Lower East river is capable of absorbing the sewage 
from the populations tributary to it for a great many years to come, providing 
the sewage is first screened or settled. He thinks that screens and sedimentation basins 
can be expected to be unobjectionable to public sentiment in the territory naturally 
tributary to the Lower East river and on the shores of the Hudson river. If, at some 
future time, it should prove desirable to divert some of the sewage from the Lower 
Rast river region to some point such as the outlet island, such partial diversion can 
then, in his opinion, be more economically affected than the removal of the sewage now. 

The Commission’s projects, with one exception, have received Mr. Hering’s endorse- 
ment. He expresses himself as fully in accord with the view that the water of the Hudson 
will be capable of assimilating the sewage produced on the west side of Manhattan Island 
after the sewage is passed through grit chambers and screens and so discharged into. 
the water as to insure prompt diffusion. He is heartily in accord with the proposition 
that the sewage be delivered as nearly as possible into the channel currents by means 
of submerged pipes having a number of openings discharging as nearly horizontal as 
practicable. 

With regard to the Commission’s projects for the Upper East River and Harlem 
Division, Mr. Hering has only favorable comment to make. He approves of the sep- 
aration of the total area of the division into five subdivisions, so that the best conditions 
for collection and disposal can be secured. He considers that the proposed outfalls and 
disposal works are all well located. He says the Commission has quite properly recom- 
mended screening and detention of the floating matter at all the outfalls. He expresses 
the opinion that sufficient land should soon be secured in every case where plants will 
be required in future. 

With reference to Jamaica bay, Mr. Hering agrees with the Commission that the 
location of Barren Island is well adapted for the final disposal of the sewage of the 
western part of Jamaica bay, including whatever treatment may be necessary. This 
point of discharge is, in his view, the best one now available, insuring, as it does, a 
Sufficient dispersion and high dilution of the tank effluents. In Mr. Hering’s opinion, 


at no time in the future will objectionable results appear from these works either in 
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Jamaica bay or along the beaches of Coney Island or Rockaway. If the outfall island 
is built for the relief of the Lower East river, Mr. Hering thinks that the western 
branch of the Jamaica bay intercepting sewer proposed by the Commission should be 
connected with the island instead of with works to be built at Barren Island. 

The works proposed for Jo Cos Marsh are also approved. Mr. Hering mentions, 
without preference, the alternative plan of settling the sewage of the eastern part of 
Jamaica bay and subsequently discharging it into the ocean at a point about 4,000 feet 
from shore. In his opinion, no floating matter would drift toward the shore and no 
depositing matter would interfere with navigation or drift to the land. 

Mr. Hering considers that the disposal of the sewage from Richmond offers few 
difficulties and he approves of the Commission’s suggestions for separating the bor- 
ough into subdivisions and collecting the sewage of each one separately for disposal 
at economical points after sufficient treatment has been given it to keep out of the 
water all floating matter and sludge. With the expectation that more thorough treat- 
ment may be necessary, Mr. Hering suggests that the works be so designed that they 
will permit additions to be made in case more complete treatment is found necessary 
in the future. 

In regard to the final disposal of sludge, Mr. Hering is of opinion that where 
settling basins will be required, it will be cheaper to take the sludge out to sea than 
to dispose of it near-by, unless the sludge is of an inoffensive kind. 

The project which the Commission recommended in its Preliminary Report VI 
for the construction of an outlet island for the relief of the Lower East river does not 
receive Mr. Hering’s unqualified approval for the reason that he considers the cost of 
construction and operation larger and the degree of improvement higher than he thinks 
the circumstances require. As stated in his letter supplementing his report, he favors 


the gradual construction of the outlet island project, as the Commission has proposed. 


REpPorRT OF Mr. GEORGE E. DATESMAN 


In the summer of 1913, the City of Philadelphia, which had been studying the 
problem of sewage disposal for some years, sent Mr. George E. Datesman, Principal 
Assistant Engineer of its Bureau of Surveys, to Europe to make a study of the main 
drainage and sewage disposal works of foreign cities. The scope of Mr. Datesman’s 
inquiry included systems of collection, methods and materials of construction, com- 
parison of screening and settling devices, ratios of dilution, conditions governing the 
adoption of a system of disposal, results obtained by different systems, economies and 
cost data. The countries visited were Germany, Irance, Belgium and England. 


In view of the fact that the New York and Philadelphia conditions were somewhat 
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alike, the Metropolitan Sewerage Commission obtained permission from Mr. Morris L. 
Cooke, Director of the Department of Public Works, and Mr. George S. Webster, Chief 
Engineer and Surveyor, of Philadelphia, for Mr. Datesman to come to New York and 
make a critical examination and report on the Commission’s studies of the Lower East 


river problem from the standpoint of his Philadelphia and European investigations. 


Mr. Datesman is a graduate of the Engineering Department of Lafayette College 
and a member of the American Society of Civil Engineers. He has been with the 
Bureau of Surveys, which is the central engineering department of Philadelphia, for 
twenty-six years, filling positions from Draftsman to Acting Chief Engineer. He has 
had charge, under the Chief Engineer, of sewer design, construction, port improvement, 
including dredging and pier construction, wharf and bulkhead work, and of city plan- 
ning. Mr. Datesman has supervised the studies and plans for the collection, treatment 
and disposal of the sewage of Philadelphia from 1908 to the present date. 

Various methods of treating the sewage locally before discharging it into the 
harbor waters are considered by Mr. Datesman in his report to the Metropolitan 
Sewerage Commission, with the result that settling basins, screens and grit chambers 
appear to him to afford the only means worthy of careful study. The large areas of 
land required and the certainty of nuisance lead him to exclude other and more efficient _ 
processes, such as percolating filters. 

The practicability of constructing settling basins in various situations in the 
built-up sections of Manhattan and Brooklyn and on islands in the inner harbor is 
dealt with and the principal arguments in favor and in opposition to these projects 
are set forth by Mr. Datesman. It is his opinion that settling basins should not be 
built beneath the city streets nor on property acquired for the purpose in the built-up 
sections of the city, because of the large extent of such works, gases produced, cost 
as compared to their efficiency and the popular prejudice toward them which he feels 
sure would be aroused in their neighborhood. 

The efficiency of settling basins and such screens as can be used in New York is 
regarded by Mr. Datesman as less than is commonly supposed, his point of view being 
concerned largely with the dissolved oxygen in the water and with deposits. 

After considering the alternatives, Mr. Datesman expresses the opinion that the 
Commission’s outlet island project affords the proper solution of the Lower East river 
problem. Like the Commission, he is willing to have his project carried out in pro- 
gressive stages, feeling confident that time will show the necessity for the entire 
scheme. 3 

Mr. Datesman agrees with Messrs. Watson and Fowler in thinking that some of 


the Wards Island sewage will have to be taken to the ocean outlet in course of time. 
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The experience of London, Paris, Berlin and other cities is cited to show that 
ample precedent exists for conveying sewage as far away as the Commission advises 


that the sewage of the Lower East river be taken. 


Attention is called by Mr. Datesman to a marked difference between American 
and Huropean practice in connecting the outlets of local sewerage systems to the in- 
terceptors used in main drainage works. Whereas American engineers run their in- 
terceptors beneath the local sewers and discharge the storm overflows through outlets 
which are virtually extensions of the local sewer outlets, in Europe the interceptors 
are run across the mouths of the local sewers to take in all the flow and discharge the 
storm excess from side outlets situated at conveniently located points. The European 
custom leads to larger interceptors with flatter grades and this results in a consider- 
able saving in head and the avoidance of regulators possessing many moving parts. 
These are substantial advantages over what has heretofore been considered good praec- 
tice in America, and the Commission has given careful attention to the design of in- 


terceptors in the manner which Mr. Datesman suggests. 


Iil 
THE COMMISSION’S OPINION WITH REGARD TO THE EXPERTS’ REPORTS 


While Messrs. Fowler, Watson and Datesman would have construction work 
started at once, in accordance with a comprehensive plan which would begin by giving 
a large measure of improvement to the waterways in the center of the city and, by ad- 
ditions and extensions, provide greater benefit in the course of a generation or more, 
as both the desire and need of improvement increase, Messrs. Fuller and Hering would 
be content with a scheme which would serve the immediate needs and postpone the 
construction of a complete system indefinitely. Nothing less than a removal to sea 
of all the Lower East river and Harlem river sewage will be sufficient in the distant 
future, according to Messrs. Fowler, Watson and Datesman, and they think the present 
is none too soon to provide for the works which will ultimately be necessary. Their 
idea is that the works should be built gradually so that it would be possible to stop the 


construction at any time when the needs of the situation were met. 


Messrs. Fuller and Hering are confident that local and partial treatment will 
always be sufficient to fit the sewage for discharge into the city’s waterways. The 
methods which Mr. Fuller considers suitable for loeal treatment are screens and set- 
tling basins. Where necessary, the final discharge would be through submerged out- 
lets. Mr. Hering advocates “floatation chambers,” screens, settling basins, coarse- 


grained filters (by which he means the more commonly called sprinkling filters) and 
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submerged outlets. The probability of nuisance from sprinkling filters, if constructed 
in the built-up parts of New York, has been made so clear by Mr. Watson, whose ex- 
perience with sprinklers exceeds that of any other engineer; the annoyance from the 
odors and flies which sprinkling filters produce are so well known to all who have seen 
them in operation in warm weather and the areas of land required for them are so 
large that the Commission and Messrs. Fowler, Fuller and Datesman have not felt 
warranted in including this form of treatment among the possibilities of local treat- 
ment. There therefore remain only screens and settling basins to be considered among 
the methods which may be used for the local and partial treatment of the sewage. 

The Commission, which has given much study to the possible use of screens and 
settling basins under a wide variety of circumstances, is of the opinion that these types 
of apparatus can be of great help in disposing of the city’s sewage. Each type of appa- 
ratus has its functions and limitations. Settling basins should not, in the Commis- 
sion’s opinion, be constructed in the built-up portions of the city. The plant proposed 
by the Commission for Wards Island, the four plants for the protection of the Upper 
East river and the plant on the ocean island would consist of settling basins. The 
Commission has recommended that’ that part of Manhattan’s sewage which flows 
toward the Hudson, that part of Brooklyn’s sewage which flows toward Upper New 
York bay and that part of the sewage of Manhattan and Brooklyn which is tributary 
to the Lower East river and which cannot be included in the ocean outlet should pass 
through screens. 

In the Commission’s opinion screens would be capable of removing most solid 
matters which are separately recognizable as of sewage origin, but would not effect 
much more improvement. The demand upon the dissolved oxygen would not be mate- 
rially lessened. If settling basins were employed, about fifty per cent. of the solid 
matter would be removed and the demand which the organic matters of the sewage 
would make upon the dissolved oxygen would be reduced about twenty per cent. 

No barrier would be provided by either screens or settling basins against the bac- 
terial pollution of the water. With settling basins the sewage would be retained for 
a period of approximately two hours and the settlings in the form of black, semi-liquid 
sludge would be put on board vessels and transported to sea. Neither process would 
lessen the unpleasantly turbid appearance of the sewage streams at the points of dis- 
charge. This could only be prevented by discharging the sewage at the bottom of deep 
and rapidly flowing tidal channels. 

As a general procedure it would not be feasible to construct settling basins be- 
neath the streets. The space required would be prohibitive. If built upon the Em- 


scher or Dortmund tank principle, either of which is more economical of space than 
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any other known form, settling basins to provide two hours’ settlement for 200,000,000 
gallons of sewage would extend over one mile. 

Settling tanks beneath the streets would be difficult to build and operate because 
of the confined space available, inconvenient shape of the tanks and tidal interference. 
Trouble in inspecting and cleaning the basins might be expected through want of 
proper light and ventilation. There would be considerable risk of nuisance and danger 
of explosion from the gases produced from the decomposition of the sewage, from gas- 
olene fumes and from illuminating gas. 

If the tanks were built elsewhere than under the streets, property would have to 
be acquired for them. The area of land required for settling basins to deal with 200,- 
000,000 gallons per day would be about six acres. 

The Commission does not share the opinion that the location of settling basins in 
the built-up parts of the city would be free from public objection. Granting that they 
would not produce offensive odors, it seems certain that property holders in the 
vicinity would make vigorous protest against the construction of such works, in the 
belief, mistaken though it might be, that the health and comfort of the neighborhood 
were seriously threatened. The object of the works would avowedly be to extract as 
much as possible of the offensive and dangerous materials from the sewage, and before 
they were disposed of they would have to be stored, transported to the water front, 
loaded upon vessels and shipped to sea. 

As to cost, Mr. Fuller’s preliminary estimates indicated to him that settling basins 
would be about one-fourth as expensive for 200,000,000 gallons of sewage as the Com- 
mission’s outlet island project, including the purchase of the land which the settling 
basins would require. The costs assumed by Mr. Fuller for the outlet island scheme 
are based upon the Commission’s earliest calculations for that project. Later studies 
have shown that the cost would be materially reduced by making less than the large 
allowance originally proposed for storm water. By providing for the collection of the 
dry-weather flow, the cost of the outlet island project can be reduced to about 
$14,000,000 and the annual charges to about $1,000,000. 

A careful consideration of the cost of disposing of the same quantity of sewage 
by locally placed settling basins and submerged outfalls indicates an initial expense 
of $9,191,000 and an annual charge of $766,000. Comparison of the outlet island and 
local settling basin projects in accordance with the revised estimates indicates that 
the outlet island project would cost about one and one-half times more to build and 
about one and one-third times more to operate than would local and partial treatment 
by means of settling basins. 


When the cost of the Commission’s outlet island project is compared with the 
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project for local settling basins on the basis of organic matter removed, a heavy 
balance is seen to lie in favor of the outlet island project. In this connection, it must 
be remembered that the outlet island would remove from the Lower East river 100 per 
cent. of the oxygen-demanding constituents of the sewage and that settling basins 
would remove not over 20 to 25 per cent. On the basis of each per cent. removed, the 
locally placed tanks would cost $22,589 and the outlet island $10,278. These calcula- 
tions are based upon the assumption that about 200 million gallons per day would be 
dealt with in each case. 

The ocean island could provide an outlet for the sewage of the western part of the 
Jamaica Bay Division and if so used would cost about $2,000,000 less than the project 
for local settling basins in the Lower East river territory and the project for collect- 
ing the sewage of the western Jamaica bay territory to Barren Island. 

Another serious objection to the plan of locally placed settling tanks for the pro- 
tection of the Lower East river lies in the fact that this method of disposing of the 
sewage would not lend itself to a more efficient treatment of the sewage in case sedi- 
mentation did not prove adequate. Unlike the sedimentation works recommended by 
the Commission for Wards Island and some other isolated points, settling tanks could 
not be converted into chemical precipitation basins in the compactly built-up sections - 
of the city without involving serious chance of nuisance in the immediate neighbor- 
hood, much inconvenience in the handling of the chemicals and high cost for the dis- 
posal of the large volumes of sludge which would be produced. If, in the course of 
time, a more comprehensive plan had to be adopted to protect the Lower East river, 
as the Commission believes, it would be necessary to abandon the settling basins and 
carry out the Commission’s plan of conveying the sewage to the outlet island. This 
procedure would then prove to be much more costly than if provided for in the first 
place. 

To permit sludge to form on the river bottom of the Upper and Lower East rivers, 
and subsequently remove it by suction dredges would not, in the Commission’s opinion, 
afford material help in solving the sewage problem. The sludge-making materials of 
sewage are capable of producing much harm both before they are deposited and during 
the time they are resting upon the harbor bottom, and the removal of this material by 
suction dredges would be attended by many practical difficulties, including interference 
with traffic, nuisance, expense, inconvenience and, when the dredges were at work, in- 
tense pollution of the overlying waters. 

The engineering difficulties which have been pointed out in connection with the 
ocean island project have been foreseen by the Commission and the opinion is held that 


they can be overcome without serious trouble. The mean velocity calculated for the 
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sewage in the force main from the pumping station to the island is 214 feet per second 
and this would be obtained as soon as the works were built. It is to be noted that 
the ocean island project would not be built for the distant future, but would operate 
at its full capacity as soon as constructed. 


The Commission has given careful attention to the possibility of carrying sewage 
from the Lower East river territory to an island to be built at the south of Governors 


Island, assuming, for the purposes of study, that permission could be obtained from 
the National Government for such construction. The cost of this island, including the 


construction of the works tributary to it and the tanks and appurtenances for treat- 
ing the sewage, approaches the cost of the ocean island project, but the opportunities 
available for the disposal of the effluent would not be so satisfactory. It is to be re- 
membered that the point at which the outfall would have to be located would be about 
21% miles from the Passaic Valley sewer, whose effluent may be expected to make a heavy 
and increasing demand upon the oxygen of the surrounding waters. Sprinkling filters at 
this point would not be permissible, in the Conmission’s opinion, because of the odors 
which they would produce, popular objection and cost. 

Such weight as is to be given to established custom in engineering work is strongly 
opposed to the local and partial treatment of sewage as distinguished from its removal 
to a distant point for final disposition. The object of main drainage systems is to carry 
sewage away to some suitable point or points where as much of the offensive material 
as necessary can be removed, so that the effluent may be discharged into a neighbor- 
ing lake, river or arm of the sea. Thus London carries its sewage beyond the limits 
of Greater London in order to find a suitable locality for settling basin treatment. 
Paris takes its sewage to Clichy and there pumps it to irrigation fields. Berlin pumps 
its sewage out of the city to farms situated in various directions. Boston and the cities 
and towns in its vicinity send their sewage to sea through three outlets situated as far 
as practicable from the harbor shores. These illustrations could be multiplied. 

The employment of grit chambers and screens for the treatment of a large part of 
the sewage of New York represents to some extent a departure from established prece- 
dent. Examples are much more easily found of cities which screen their sewage within 
their limits than those which attempt more thorough treatment. Coarse screening and 
the removal of grit are not uncommonly done before sewage is sent to a distance and 
comparatively fine screening may be resorted to without serious probability of nuisance. 

Mr. Fuller places reliance upon the experience of some other cities to support 
his position with regard to the ability of natural bodies of water to assimilate 
sewage, but he recognizes that the capacity of New York harbor with its oscillating salt 
water is not the same as the capacity of inland lakes, much less that of rivers, such as 
receive the sewage of Chicago, Columbus and Lawrence, for example. London is 
selected by him as affording an instructive instance of a city whose sewage is dis- 
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charged into tidal water with but little preparatory treatment and with satisfactory 
results. The Metropolitan Sewerage Commission has taken pains to investigate the 
conditions at London among many other places where sewage is discharged into tidal 
water. 

The following letter from the Secretary of the London Port Authority, dated 
December 10, 1913, describes a condition which, although tolerated in the Thames below 
London, would not be suitable in the built-up sections of New York City: 


10th December, 1913. 
Drs SIB: 

In reply to your letter of the 2d inscant, your assumption is correct that notwithstanding the separation 
of the greater part of the solids from the London sewage effluent, there is enough solid matter remaining in 
suspension to represent in the course of the year a very large amount of mud-forming material which adds to 
the dredging obligations of the Authority. 

In a report which I made on the subject in 1908 I found that the total volume of effluent passed into the 
River annually was ninety thousand millions of gallons which contained 12 to 13 grains per gallon of solid 
matter dried at boiling point. This, I roughly calculated, would represent about 330,000 cubie yards of mud. 

With regard to unpleasant odors, they are most pronounced at the points of discharge, viz., Barking and 
Crossness, a distance of from 12 to 13 miles below London Bridge. On the flood tide an appreciable effect is 
noticed for a few miles above the London Bridge, and on the ebb tide this would be perceptible until the wider 
and salter waters of the River were reached; say, down to Northfieet Hope, a distance of about 25 miles 
below London Bridge, or 12 miles below the point of discharge. The odors, however, would not extend inland 
beyond the immediate banks of the River. 

I regret that I am unable to tell you precisély how often the temperature rises above 65 degrees or higher, 
as the English summers greatly vary in temperature. With the average amount of sunshine I should say that 
this temperature is reached toward the end of June and, after a week of dry, sunny weather, would always 


be attained up to and including the first week in September. 
Yours faithfully, 


(Signed) F. AGLIFFE, 


THE PRESIDENT, Secretary. 


Metropolitan Sewerage Commission of New York, 
17 Battery Place, N. Y. City. 


The experience of London, Hamburg, Washington and Philadelphia are cited by 
Mr. Hering to show that sewage is often discharged untreated, or nearly so, into water 
courses of brackish and upland water without nuisance. It may be remarked that 
these references do not support the argument for a partial and local treatment of the 
sewage, inasmuch as they refer to situations quite unlike that of New York. The fore- 
going letter from the Port of London Authority shows that the Thames for a dozen miles 
above and below the outlets produces odors which would be inadmissible in New York. 
Nor should Hamburg be taken as a model, since the discharge of that city’s sewage into 
the turbid Elbe is visible from the shore. Mr. Hering cites Washington, but it should 
be explained that the Washington sewage is probably one of the most dilute in the 
United States and the Potomac river is an alluvial stream whose abundant storm 
waters soon flush away such sewage impurities as gain access to it. Philadelphia is 
referred to, but it is significant that Philadelphia is completing plans for a system of 
main drainage and sewage disposal which is likely to be far more radical than that pro- 


posed by the Metropolitan Sewerage Commission for New York. 
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SECTION I 
REPORT OF GILBERT J. FOWLER, D. Sc. 


TO THE PRESIDENT AND MEMBERS OF THE METROPOLITAN SEWERAGE COMMISSION OF 
New YorkE. 


GENTLEMEN: In accordance with the request of the Metropolitan Sewerage Com- 
mission, conveyed to me by the President, Dr. George A. Soper, in a letter dated Septem- 
ber 27, 1912, I arrived in New York on the 10th November, 1912, and remained, with 
brief absences in Boston, till Wednesday, the 27th November. 

During this time the following inspections were made: 

By water: 1. Upper bay, 
: 2. East river to Long Island sound, 

3. Round Manhattan Island, 

4. Through the Narrows to Far Rockaway and into Jamaica bay. 

By land: 5. To Gravesend bay, Coney Island, Sheepshead bay and Canarsie, visiting 
disposal works at Sheepshead bay, Paerdegat basin and 26th Ward; 

6. To Newtown creek, returning to Manhattan, recrossing the Lower Hast 
river below Hell Gate and skirting the edge of the Upper East river, in- 
cluding Steinway, Flushing bay, Whitestone and Douglaston. 

I also visited Boston, and through the courtesy of the Massachusetts Board of 
Health, was able to inspect the three types of sea outfall there. The same day I visited 
the Lawrence experimental station and discussed the work being done with the chief 
chemist. On these various expeditions numerous photos were taken of important points 
such as some of the larger sewer outlets, proposed places of discharge, ete. 

A good deal of time was spent in the laboratory of the Commission, overlooking 
and discussing experiments on the possibilities of electrolyzed sea water as a precipi- 
tating and sterilizing agent for the sewage. I also had much conversation and discus- 
sion with reference to the data accumulated by the Commission and was shown 
numerous data hitherto unpublished, especially in reference to the possibilities of 
complete nitrification taking place in mixtures of sea water and fresh water. 

The President was good enough to demonstrate for me the method used by the 
Commission in their fundamentally important work on the dissolved oxygen in New 
York harbor. The method is rapid and accurate and well suited to the conditions of 
investigation. I have carefully studied both before and since my visit to New York the 
extensive and valuable reports issued by the Commission as well as the report by Major 
Black and Prof. Phelps. 


IMMEDIATE CONCLUSIONS 


I was impressed at the outset by the vastness and complexity of the problem to be 
dealt with. London may have a larger present population, but the conditions for dis- 
charge are infinitely simpler. 

In addition to the rapidly increasing population directly or indirectly discharging 
its sewage into the harbor, the problem is complicated by the outstanding facts, viz. :— 
(1) the growing scarcity and value of unbuilt upon land in the vicinity of the harbor, 
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(2) the comparatively small amount of water available for flushing out the bay, this 
being limited practically to the flow of the Hudson. The thickly populated districts 
abutting on the Harlem river and the Lower East river discharge into waters which 
ebb and flow with the tide, but suffer very little actual change, little or no excess water 
passing out of the bay or into it at each tide. 

‘As a consequence, the conditions to be met with in the Harlem and Lower 
East rivers call for immediate action. Not only is the bottom polluted, but the water, 
even in favorably situated portions of these rivers, is deficient in oxygen, in the majority 
of cases to nearly 50 per cent. In many places there are local nuisances already, and 
floating fecal matter, paper, etc., are in frequent evidence. What the conditions are 
likely to be when the surrounding districts, increasing as they are now doing, to say 
the population of 1940, it is not pleasant to conjecture. It is evident that something 
will have to be done here and done at once. When the volume of sewage to be dealt 
with—over 350 million gallons per day at the present time and more than 700 million 
gallons by 1940—is considered, it is evident that for this section of the work alone con- 
siderable expenditure will have to be faced.* 

In view of the very large expenditure involved, it is difficult to exaggerate the im- 
portance of adequate preliminary studies and the work of the Commission throughout 
appears to me to be a model of the way in which such investigations should be carried 
out. The conditions are so complicated, owing to the diversified character of the land 
and water areas constituting New York harbor and its surroundings, that endeavors 
to reproduce them artificially, as is often done in research work, are likely to be only 
partially successful. The method of thoroughly studying the actual state of things . 
obtaining in the bay and other waters in the vicinity under all conditions of season, tide 
and weather, as has been done by the Commission, seems the only possible one, and the 
work has been done with masterly completeness. No question necessary for the forma- 
tion of a right judgment on the questions which should be settled at this time appears 
to have been left unstudied by the Commission. 

The citizens of New York may rest assured that the large sum of money they will 
be called upon to pay for the protection of their harbor will not be asked for except as 
the result of opinions formed after years of study much more complete than is gen- 
erally given to such a subject. Every year, however, the conditions now existing must 
necessarily grow worse and, while in the case of a growing science like that of sewage 
disposal it is well to hasten slowly, yet through the labors of the Commission there will 
exist no justification on the score of imperfectly known data for postponing certain most 
necessary works. 


PRINCIPLES GOVERNING CONSIDERATION OF THE PROBLEM 


The conditions which must be realized if the constituents of sewage are to be 
rendered inoffensive or finally mineralized are essentially the same whether the disposal 
be by irrigation upon land, filtration through artificial biological filters, or dilution with 
fresh or salt water. The process is in all cases one of oxidation, i. e., practically speak- 
ing, combustion, and if it is to be conducted without nuisance, enough oxygen must be 
present at all stages of the process to prevent the formation of evil-smelling products. 

It is perfectly legitimate to use the oxygen dissolved either in sea or river water 


*Report Metropolitan Sewerage Commission of New York, August, 1912, p. 28. 
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in order to oxidize sewage. Under proper conditions of discharge, complete trans- 
formation and mineralization of the sewage matters can be effected in this way with 
less nuisance than often accompanies treatment on filters or on land. 

The question of the margin of safety which should be allowed if nuisance is to be 
avoided has been the subject of reports by a number of well-known experts to the 
Metropolitan Sewage Commission* and all of these reports agreed that under no cir- 
cumstances should be dissolved oxygen in the harbor be allowed to sink to below 50 per 
cent. of saturation. In this opinion I concur. It will, however, be most unwise to be 
content with a margin simply sufficient to barely eliminate nuisance. 

Two main considerations govern the situation from the point of view of public 
policy; these may be described as considerations of Health and Welfare. 

Health. There are obvious ways in which public health may be directly affected 
by the filthy conditions of parts of the harbor or even by the apparently innocuous dis- 
charge of sewage effluent. 

It is not a pleasant sight to see numbers of floating faeces washing in and about 
piers where food supplies are landed from lighters, some of which have a low free board. 
Gulls and flies may also quite possibly be carriers of infectious material under such 
conditions. 

The question of oysters is of more direct importance. Even if sewage or sewage 
effluent is actually sterilized, the growth of oysters near an outfall is always a possible 
source of danger, and while it is quite easy to exaggerate this, yet it can never be in 
accordance with right sanitation for an article of food to be thus contaminated. 

The pollution of bathing sites has been dealt with at length by the Commission.+ 
The conditions which at present exist are unsatisfactory in the extreme. 

The carrying of polluted driftwood daily into the homes of the poor in the neigh- 
borhood of the water front does not tend to raise the standard of cleanliness in such 
homes and should be prevented rather by stopping pollution than by forbidding what 
is in itself a reasonable and thrifty proceeding. 

But even more important than the direct and obvious ways in. which the public 
health is affected by the polluted condition of the harbor waters is the practically un- 
conscious lowering of that sense of decency and cleanliness of living which must be 
maintained if the efforts of social reformers are to have any serious result. 

Crowds of people from the poorer quarters of New York throng the recreation 
piers and pleasure drives on the water front. If it is obvious to them that those in 
authority, who have the power, are yet unconcerned to abate uncleanly surroundings, 
the already not inconsiderable effort required to maintain a decent spot of home life 
in a mean environment will be rendered even harder to achieve. 

Welfare. The second consideration, viz., that of welfare, as it has been termed, is 
perhaps less obvious, but is most important when expensive works, the use of which is 
partly for future generations, have to be considered. 

A study of the history of sanitation, such, for example, as was possible in the his- 
torical section at the International Hygiene Exhibition in Dresden in 1911, will show 
that, up to comparatively recent times, conditions were tolerated which to us would 
seem unspeakable. Yet even now the standard of requirement is constantly rising. 
One may, indeed, frankly say that the modern American bathroom, both in its fittings 
and the frequency with which it is to be found, is a distinct advance upon what is 


*Report Metropolitan Sewerage Commission of New York, August, 1912, pp. 69-164. 
+Report Metropolitan Sewerage Commission of New York, April 30, 1910, pp. 486-497. 


176 REPORTS OF EXPERTS 


common even in England. Such a bathroom, however, increases the difficulty of the 
sewage problem, and in looking forward to the future, similar advances in public re- 
quirements must always be reckoned with. The idealism manifested in such great 
buildings as the Pennsylvania Railroad station and the Metropolitan Museum of Art 
and the parks and playgrounds of the city will find its further development in a demand 
for brightness and beauty in the surrounding water spaces. Nor is such idealism unre- 
lated to more purely economic prosperity. The true solution of any problem is true at 
all points, sanitary, aesthetic, ethical and economic. 


Apart from the question of affecting the vitality, and consequently wage earning 
capacity of the people, the reputation of a port is a very essential factor in its commer- 
cial prosperity. The condition of the Clyde and of the Manchester ship canal was for 
many years a by-word. The great sewerage and sewage disposal works at Glasgow, 
carried out at a total cost of over £2,000,000 for 800,000 people, have been the means 
of rehabilitating the reputation of the Clyde and adding to the amenities of life, plea- 
sure trips being now possible from the Broomielaw to the Firth of Clyde. 


The large amount of money spent on sewage works in the watershed of the Mersey 
and Irwell is, apart from the increasing expenditure of Manchester itself, slowly but 
steadily improving the water of the Manchester ship canal. 


At one time the stench from the polluted Thames in hot weather rendered the com- 
mittee rooms in the houses of parliament in London uninhabitable. By the removal 
of the sewage to treatment works and outfalls lower down the river this nuisance has 
been abolished, and London is now one of the healthiest and best drained cities in the 
world. 

In the case of the three cities above referred to, their works were carried out wages 
urgent pressure of obvious and almost intolerable nuisances from the polluted streams. 
New York should deal with her problem before such acute conditions arise. 


The foregoing general view of the situation clearly indicates that any scheme 
which is decided upon must not block the commercial avenues of the future. It must 
be so designed as to be capable of expansion as the needs of the city increase. 


Possible Methods of Dealing with Sewage. The various possible methods which 
are available for dealing with sewage on the large scale may be broadly divided into: 
Direct discharge into water, 

Discharge after screening, 

Discharge after sedimentation, 

Discharge after chemical treatment, 
Discharge after filtration in some form, 

. Discharge after combination of processes. 


The proportional amount of impurities removed by these processes depends on 
numerous factors, e. g., the freshness and strength of the sewage. Thus, screening will 
remove a much greater proportional amount from very fresh sewage than from sewage 
which has been mixed and churned up for many miles in a trunk sewer. Chemical treat- 
ment is more economical with strong sewage than with weak, and therefore is of less 
advantage with American sewage than with European. | 

Very roughly, it may perhaps be assumed that under the conditions existing in 
New York, of the nuisance-producing solid material in sewage capable of producing 


deposits of sludge, the following percentages can be removed by the respective 
processes : 
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None of these processes seriously affects matters in solution. Filtration affects 
not only the finely divided colloidal matter still present after the foregoing processes, 
but also oxidizes substances in solution. 

Which of these methods can be used at any of the various proposed points of out- 
fall in New York harbor is to be determined by local conditions. What these condi- 
tions are is considered in the next section. 


THE PRESENT POLLUTED CONDITION OF THE HARBOR 


Broadly, the waters of that part of New York harbor which lies in New York 
State may be considered separately as follows: 

The Hudson river, 

The Upper bay, 

The East river and the Harlem river, 

Jamaica bay. 

Of these the Hudson river contains the most dissolved oxygen, this amounting to 
over 90 per cent. of saturation in the centre of the river in the northern part of Man- 
hattan and diminishing to 60 per cent. near the Battery. The Hudson river supplies 
practically the only water available for flushing the harbor. All along the edge of the 
Hudson among the piers objectionable conditions exist. 


The Upper Bay. All the pollutions from the waters entering the harbor at certain 
states of the tide, as well as those resulting from direct sewer discharges are mixed by 
tidal currents in the Upper bay and a proportion of the solid matters is doubtless de- 
posited there during the ebb and flow of the tide. This is evidenced by the polluted 
character of the dredgings from the bottom of the Upper bay at nearly every point of 
observation. Considerable deposit of sludge bas been found south of Governor’s Island. 

The general appearance of the waters of the Upper bay is by no means attractive. 
Large fields of sleek, or oily film, are frequent and, more objectionable, are masses of 
floating débris in which large quantities of fecal matter are often entangled. The 
Gowanus canal is little better than an open sewer, there being an insufficient circula- 
tion of water to dilute the large volumes of sewage discharged into it. 

The Hast River and the Harlem River. It is on these rivers, especially in the 
Lower East river and the Harlem, that, as already stated, conditions exist which call for 
urgent remedy. 

Large sewers discharge from the thickly populated districts on both sides of these 
waterways and there is little or no net tidal discharge. As a result, the bottom of the 
upper East river as far as Throg’s Neck at the entrance to Long Island Sound is foul, 
and in the Lower East river, in places unaffected by the ebb and flow of the tidal cur- 
rents, foul deposits occur. 

In the Lower East river from the Williamsburg Bridge to Hell Gate the dissolved 
oxygen present, especially in the summer months, is not much more than 50 per cent. of 
saturation.* In some parts of the Harlem river it is less than this. There are por- 
tions of the Harlem river already approaching the condition of the Manchester ship 
canal, while Newtown creek has practically reached that condition. In the vicinity of 


*In the summer of 1912 some samples of water from the Lower East river, near the Brooklyn Bridge, 
were found to contain 43 per cent. of oxygen. ; 
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Wallabout basin there is a large sewer outlet which produces a small lake of sewage 
in its vicinity, which is most objectionable. 

There is no doubt that if the sewage which now enters crude into the Lower East 
river and the Harlem river could be taken up and dealt with in a satisfactory manner 
very great benefit would accrue not only to these waterways, but also to the Upper bay 
and Upper East river, into which much of the sewage eventually finds its way. 

Jamaica Bay. The characteristic feature of Jamaica bay and its vicinity is the 
growing summer population of numerous pleasure resorts, such as Bergen Beach, 
Arverne, Edgemere, Canarsie and Rockaway. The conditions which I saw in Novem- 
ber were, therefore, hardly typical. Effluents from treatment works at Sheepshead bay 
and the 26th Ward, though obviously imperfectly purified, were not the cause of serious 
visible pollution. 3 

In view of the increasing population and of the schemes of harbor development 
which are being considered, it will be necessary before very long comprehensively to 
deal with the sewage which at present discharges into the bay. 

The question of oyster pollution must here also be dealt with, and it should be 
clearly understood that ordinary methods of treating sewage give little protection from 
a bacteriological point of view, while processes of sterilization may easily produce a 
false sense of security. It would seem best for oysters not to be taken near densely 
populated centres, as under such circumstances the chance of pollution, apart from the 
sewage which is discharged from actual sewage outfalls, are considerable. 


PROPOSED REMEDIES 


Sewage Tributary to the Lower East River and Harlem River. As already empha- 
sized, the first point of attack in dealing with the problem of purification of New York 
harbor is the Lower East river and the Harlem river, and I have given my most careful 
consideration to this part of the Commission’s work. 

After much study the Commission have concluded, and I think rightly, that the 
only point where large quantities of sewage can be treated in this neighborhood is at 
Wards Island. It is possible to pick up the sewage which at present discharges into 
the Harlem river and also that which is turned out of the large sewer at Hunt’s Point 
and bring it all to Ward’s Island, where it can be treated in settling tanks and the 
heavier sludge removed. 

Some 124 million gallons daily would be thus dealt with at once, and over 400 mil- 
lion by 1940,* and would be discharged into the swift tidal currents at Hell Gate, 
where the best possible conditions exist for mixing. 

Sedimentation, however, leaves a large proportion of potential solids still present, 
as well as all the impurities in solution. Treatment by chemicals instead of by plain 
sedimentation would remove a further proportion of the suspended impurities, but the 
treatment in this way of such large volumes of sewage as may be taken there involves 
numerous difficulties and greatly increased cost, which would weigh heavily against 
the advantages obtained. Further purification, by filtration, at Wards Island is im- 
practicable, and also not to be recommended so near large centres of population, owing 
to the possibilities of aerial nuisance and fly trouble on large areas of filters. 

It becomes matter, therefore, for careful consideration how far the concentration 
of the sewage to one point and discharge into the local waters after elimination of the 


a ad eater Report IV, of the Metropolitan Sewerage Commission on the Disposal of New York’s Sewage, 
uly, -1912. 
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grosser solids would really relieve the situation. It is to this point that most careful 
thought has been given and the bearing of all the available data studied under every 
aspect. 

Owing to the fact that the waters rushing through Hell Gate only pass back and 
forth with the tide and do not really get away to the ocean, it is evident that whatever 
sewage is discharged at Hell Gate is largely dependent for its oxidation on the oxygen 
in the water with which it mixes in one tide. The Lower East river is, however, highly 
polluted and the discharged effluent will therefore not get much help from it. The sit- 
uation, in fact, is only improved by the elimination of the grosser solids from the 
sewage of the Harlem district. If the situation is to be radically improved the conclu- 
sion seems inevitable that some sewage must be removed from the Lower East river. 

From figures supplied me by the Commission, I calculate that if the sewage of the 
Harlem territory is collected and passed through settlement tanks on Wards Island, 
and if the sewage of those parts of Brooklyn and Queens which would ordinarily dis- 
charge into the Lower East river be removed altogether, there will then be a dilution 
representing 1 of raw sewage to 200 of water in the Lower East river at mean low tide. 

This is a considerable improvement on present conditions, representing a removal 
from the Harlem and Upper and Lower East rivers together, of about 50 per cent. of 
the total sewage which at present pollutes them. 

It is, however, from the Manhattan waterfront that the greatest proportional vol- 
ume of sewage enters the Lower East river. It exceeds the volume discharged into this 
division of the harbor from Brooklyn and Queens by about 50 per cent. The further 
‘conclusion, therefore, is forced upon one that a really satisfactory solution of the prob- 
lem must involve the removal of this sewage also. Indeed, a study of the statistics 
show that if this is not done the Lower East river in 1940 will revert to a condition 
even worse than exists to-day. 

Disposal at Sea of that Part of the Sewage of Brooklyn, Queens and Manhattan 
Which Would Ordinarily Discharge into the Lower East River. The conditions dis- 
cussed in the foregoing section show clearly that the sewage from these districts will 
have to be removed from the Lower East river if the situation is to be properly dealt 
with. 

From the researches of the Commission there would appear to be three possible 
outlets for this sewage. 

The first possibility is to take it to Barren Island and there treat it in tanks, fol- 
lowed, possibly, by some form of filtration and discharge it near the entrance to 
Jamaica bay. At the same point would be collected the sewage now very imperfectly 
dealt with at the various sewage works discharging into the creeks on the northern 
shore of Jamaica bay. The point of outlet would be at the entrance to Jamaica bay. 

Barren Island itself is, however, little more than half a mile from the large sum- 
mer population on the Rockaway peninsula, and if, as is not at all improbable in hot 
summer weather, some amount of smell should arise from the filters, it is not far 
enough away to prevent a nuisance to these people. Moreover, the point at which the 
effluent would discharge is not half a mile from thronged bathing beaches. There are, 
therefore, these grave objections to an outlet near Barren Island. 

A second alternative proposition has been considered, viz., the removal of the sew- 
age to the west side of Staten Island, with the erection of purification works there. 
Apart from engineering difficulties which I am informed exist in carrying so much 
sewage across the very deep channel of the Narrows, the conditions of final discharge 
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would render purification by biological filters necessary, and similar objections would 
again arise in regard to nuisance from these as have been pointed out in regard to the 
Barren Island project. 

Under these circumstances a third alternative has been suggested which seems 
to me to have much to recommend it. This proposition is to build an artificial island 
well out in the Atlantic, nearly three miles from the shore of Coney Island, and there 
construct settling tanks, and discharge the effluent after settlement of the bulk of the 
suspended solids, into deep water, with proper engineering precautions to ensure thor- 
ough mixing of the effluent with the sea water. 

After inspection of the Boston sea outfalls I am clearly of the opinion that no point 
of outlet should be less than 40 feet in depth, and that the discharge should be contin- 
uous So as to minimize the quantity sent out in any interval of time. 

The sludge deposited in the tanks could be readily taken well out to sea in tank 
steamers of the pattern used in Europe, as at Glasgow, Manchester, Salford and 
London. 

I understand that the island can be made without difficulty from the spoil and 
débris from excavations in New York City at present taken out to sea, or from sand 
pumped from the bottom of the sea. I understand also that it will be possible to in- 
crease the number and length of the outfall pipes as more and more sewage is coupled 
up to the island, so that the effluent will always be well distributed in the sea water. 
The operations can be carried on without causing nuisance to anyone and the conditions — 
for sea disposal of sludge in tank steamers are very simple. The scheme is capable of 
indefinite expansion as more sewage is taken up, as the size of the island itself can he 
increased as extensions to the works are required. 

Many matters rather of detail remain for further consideration in regard to the 
methods of treatment employed both at what may be termed “Atlantic” Island and 
Wards Island.’ The design of the settlement tanks to be employed is a question of im- 
portance. A form of tank is to be preferred which would expose as little water surface 
as possible and also allow automatic removal of the sludge by the pressure of the super- 
natant water. A modified form of two-story tank would seem well suited to this purpose. 

The sludge produced by the thorough fermentation which takes place in the so- 
called Emscher tanks, while greatly reduced in bulk and offensiveness, would offer 
some difficulties in carrying to sea, owing to its being saturated with gas. It is pos- 
sible that judicious admixture with salt water would obviate this difficulty. In any 
event the disposal of sludge is the least difficult part of the problem. There will not be 
more, for a long time at any rate, than is at present handled at the London outfalls, 
and the conditions of sea disposal are simpler in the case of New York. 

For reasons indicated when referring to works on Wards Island, I do not recom- 
mend treatment by chemical precipitants. I think, however, that very careful study 
deserves to be given to the practicability of adding a small dose of chlorine to the effiu- 
ent, e. g., by the addition of a certain volume of electrolyzed sea water. This would 
serve the double purpose of deodorizing what may be a somewhat malodorous effluent 
afterits long travel through the sewers, and a further important advantage would lie 
in preventing an immediate call upon the dissolved oxygen in the sea at the point of 
discharge, and thus giving time for more thorough mixing and aeration to take place. 

Some Further Problems. There are many matters of importance subsidiary to the 
large scheme outlined above which call for brief mention. 

A system of screens and catchpits has been designed for Manhattan Island, which 
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could afterwards be used for screening storm water, overflowing from the main sewers 
later to be built. It is in my view important that this should be carried out, in order 
that even after large sums have been spent on main sewers and outfall works there 
should not be public disappointment when visible pollution is seen to be present after 
every shower of rain. Before such refuse is removed, however, means must be at hand 
for its rapid incineration in suitably placed destructors. 

The scheme of outfalls and outfall works designed by the Commission for the dis- 
tricts abutting on the Upper East river seems to me to be adequate, at any rate, for 
many years. The outlets are all in deep water and the conditions resemble those of 
the Clyde summer resorts or English lakes, where the sewage of a fairly large popula- 
tion is disposed of without serious difficulty. 

Time did not permit me to study the problems connected with Staten Island 
actually on the spot. From a perusal of the Commission’s report on the disposal of the 
sewage of the Richmond Division there would not appear to be any special difficulty in 
dealing with the situation as far as regards the responsibility of New York City. 

In the Arthur Kill and Kill van Kull we are approaching the problems of New 
Jersey. I have not been called upon to express an opinion on matters which are a sub- 
ject of litigation. One may, however, safely say that a resolute handling by New York 
City of her own problems is likely to facilitate an equitable conclusion. 


SUMMARY AND CONCLUSIONS 


After careful consideration of the situation as it has been placed before me, I am of 
opinion that the sewage of the Harlem district should be collected and treated in sedi- 
mentation tanks on Ward’s Island. 

This will relieve the immediate and pressing situation on the Harlem river. It 
will, however, do little or nothing to improve the Lower East river. 

It is of equal importance, therefore, that the scheme be pressed forward of driving 
a main sewer southwards through Brooklyn to an artificial island well out from shore 
in the Atlantic ocean, where tanks could be built for settling out the heavier suspended 
matters and removing them to sea. 

Into this main sewer would first be discharged that part of the sewage of Brooklyn 
and Manhattan which at present passes in a crude state into the Lower East river. 
Later more of the sewage of Manhattan should be coupled up to this sewer, the outlets 
at the artificial island being extended with each large increment of sewage. 

Next, the sewage from the Jamaica Bay Division might be brought to the island, 
and finally, if thought desirable, the sewage which during all ‘this. time had received 
treatment at Wards Island. 

By this sequence of procedure the experience gained at Wards Island would be of 
value in designing the final disposal at the “Atlantic Island,” and at any rate a large 
proportion of the money expended in tanks, etc., at Wards Island will have been re- 
deemed before the works are abandoned. The expenditure in sewers in the Harlem 
district will be for permanent works alone. 

The order of carrying out the various needful works and the time over which the 
construction should extend would all be matters within the control of the permanent 
commission suggested by my colleague, Mr. Watson, with whose views on this aspect 
of the question I heartily concur. 

This same central board or commission would care for the other less immediately 
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pressing, but still highly important, problems referred to in the later paragraphs of the 
foregoing report. 

The above represents in broad outline the lines upon which, in my opinion, the City 
of New York should proceed in its endeavor to obtain a harbor worthy of itself. 

It must again be emphasized that no time should be lost in setting about the actual 
carrying out of the scheme. It must of necessity take a number of years to complete, 
and equally of necessity the condition of the harbor waters must become progressively 
worse if nothing is done, and will indeed probably be worse before the first instalment 
of the work is completed. 

I am, however, confident that the citizens of New York will show the same deter- 
mination and largeness of outlook already manifested in their great water supply 
projects, their colossal railway undertakings and magnificent bridges and public insti- 
tutions, in this further effort after social well-being, and will build the works necessary 
to cleanse the harbor and make it worthy in every respect of its great position as the 


Gateway of the West. 
Respectfully submitted, 


MANCHESTER, February 10, 1913. GILBERT J. FOWLER. 


SECTION II 
REPORT OF JOHN D. WATSON, C. E. 


TO THE PRESIDENT AND MEMBERS OF THE METROPOLITAN SEWERAGE COMMISSION OF 
New York. 

GENTLEMEN: I have given the problem of the sewerage and the sewage disposal 
of your great city my close and careful consideration during the past two months. 

The fortnight which I spent in the city in the end of November and beginning of _ 
December gave point and animation to the study which was not otherwise possible, 
and I take this opportunity of thanking you for the ready access you gave me to all 
your documents, plans and analytical figures, and for the facilities with which you pro- 
vided me in the inspection of every part of the area which I thought it essential to 
visit. Allow me also to record my appreciation of the exhaustive preliminary investi- 
gations which you have made. These far exceed anything which I have hitherto had 
experience of, and the fact of your having printed them renders unnecessary reference 
to details which otherwise would have had to be given in this report. 


THE POLLUTED CONDITION OF THE HARBOR 


If there were any prospect of limits being set to the bounds of New York, if there 
were any signs that sufficient accommodation had already been made for the shipping of 
the port, or if the waters of the harbor were so foul that the citizens had ceased to 
regard them as valuable for oher than utilitarian purposes, the disposal of the sewage— 
vast as the volume of that is—would be comparatively easy. But it is quite otherwise. — 
The city is more than the capital of a country; it is the greatest city of a continent. 
The harbor is the gateway to the United States, and the noble rivers which find a ready 
outlet into it form, with the harbor proper, a port which affords at all stages of the tide 
no halting welcome to vessels of the greatest burden. 

When I first had the pleasure of seeing the Hudson between Albany ee New York 
I was greatly impressed by its grandeur and its purity; when I motored along its left 
bank from Riverside Park toward the city boundary at Yonkers in brilliant sunshine I 
thought it the Queen of Rivers, and I cannot believe that the average citizen would 
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willingly allow it to become visibly polluted with sewage, yet the facts to which I 
shall refer will prove that it is necessary to take steps now to guard against such a 
contingency in the immediate future. 

Visible Pollution. The numerous analyses of the harbor waters made by your own 
officers, supported by men of such eminence as Professor Phelps, Dr. Adeney and Dr. 
Towler, and the clear evidence of pollution which I have witnessed, lead me to the 
opinion that continuance of the present unhampered license to pollute can only lead to 
disaster. When it can be shown that even now the condition of the harbor in summer 
is obviously unclean, it is only a question of time when an ever-increasing population 
discharging an incremental amount of sewage and trade waste into what must be prac- 
tically a stationary volume of harbor water will convert into a nuisance what should 
be one of the brightest and best of the city’s possession. 

One of my first actions in prosecuting this study was to investigate the condition of 
the harbor water, and even in the end of November I found at several places a slight 
smell of sewage. In ferrying across the river between 92d Street and Astoria I ob- 
served innumerable particles of paper and even pieces of excrementitious matter in the 
water. Sea gulls indicated where the public sewers debouched directly into the river. 

In many places in the East, the Harlem and the Hudson rivers, the Gowanus and 
Wallabout bays, visible evidence of the presence of sewage was only too apparent. 
Near the Battery I saw food which had just been unloaded from a boat that was moored 
in what looked more like sewage than clean water. At another place (Gowanus 
canal) I witnessed the ebullition of gas, apparently arising from septicized sewage 
sludge. Large flows of greasy sleek and débris were to be seen at frequent intervals. 
Open ends of sewers spewing their filthy contents into the rivers are of much too fre- 
quent occurrence. 

One and all demonstrate the same lesson—that the time has arrived when a standard 
of cleanness should be set and maintained. If such conditions were offensive in No- 
vember and December, it is obvious that they must be worse in the hot seasons of the 
year. Of course, offensiveness to sight and smell do not necessarily constitute a nui- 
sance which is dangerous to health, but as no self-respecting community would tolerate 
streets that were rarely scavenged because no injury to health could be traced to 
them, no port of the first rank should permit excrement paper, straw and grease to flow 
to and fro on the surface of the chief highway into the city because it could not be 
proved that a human being had died as the result. 


The Proper Standard of Cleanness. The standard of cleanness which you suggest, 
and which I heartily approve, should be reasonably but strictly enforced.* Liquid pol- 


*Report Metropolitan Sewerage Commission of New York, August, 1912, page 70. 

1. Garbage, offal or solid matter recognizable as of sewage origin shall not be visible in any of the 
harbor waters. 

2. Marked discoloration or turbidity, due to sewage or trade wastes, effervescence, oily sleek, odor or 
deposits, shall not occur except perhaps in the immediate vicinity of sewer outfalls, and then only to 
such an extent and in such places as may be permitted by the authority having jurisdiction over the sani- 
tary condition of the harbor. 

3. The discharge of sewage shall not materially contribute to the formation of deposits injurious to 
navigation. 

4, Except in the immediate vicinity of docks and piers and sewer outfalls, the dissolved oxygen in the 
water shall not fall below 3.0 cubic centimeters per litre of water.j Near docks and piers there should 
always be sufficient oxygen in the water to prevent nuisance from odors. 

5. The quality of the water at points suitable for bathing and oyster culture should conform substantially 
as to bacterial purity to a drinking water standard. It is not practicable to maintain so high a standard 
in any part of the harbor north of the Narrows or in the Arthur Kill. In the Lower bay and elsewhere, 
bathing and the taking of shellfish cannot be considered free from danger of disease within a mile of a 
sewer outfall. 

+With 60 per cent. of sea water and 40 per cent. of land water and at the extreme summer temperature 
of 80 degrees F., 3.0 cubic centimeters of oxygen per litre corresponds to 58 per cent. of saturation. 
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lution, though less obtrusive, is not less in need of prevention, and it is in the interest of 
the community to see that any recognized standard which may be decided upon should 
be conscientiously adhered to. What the standard should be is a question which you 
have already submitted to a number of well-known experts, and they have all united 
in saying that the dissolved oxygen in the harbor water should not be allowed to fall 
below 50 per cent. or 60 per cent. of the saturation limit. Colonel Black and Professor 
Phelps suggested that it should not be allowed to fall below 70 per cent. saturation, and 
this figure is more in accordance with my own view; indeed, I go further and say that 
an even higher standard is feasible if the project recommended later in this report is 
approved and given effect to. 

The result of 289 samples tested by you for dissolved oxygen in the summer of 
1911 show clearly the polluted state of some parts of the harbor. Taking 100 per cent. 
as the saturation point, or the normal condition of clean water, the following compari- 
son of average figures speaks volumes: 


Lower’ New York Pay wos vos sc « oe, ceo one eens te anata enn ern anette 98 per cent. 
Long Island Sound near Throgs Neck 2ic= .)em ee tee 96 y 
Hudson river, a few miles above Manhattan Island............ 81 7 
NA@LLOWS - 2 cc's he cle ote a tacarate late cltbane Santee eet etartie tte etait are ate een 73 < 
Upper Hast rivers 85. ciecas cee 2 cee er noe tee eee eee ee ene a 71 i 
Kall van Rd Beery secrete sake oe a arenas Seana Uneaten ee nn 66 mS 
Hudson river to north of wantiatiall Tsland M5, saa tee ee ee 64 
Upper New York bay firey. acc. vip ae ad site tata eerie erste ere 63 a 
Lower Hast (river "7. \eccthce cievs Mite od a tee tis terete penance a cee ae 55a ee 
INC WEEK? DAY Soriano cele ieee eee ce a eae Bree gtwiiensriedi at 54° ee 
Harlem? river. 012 tars ees ge aoc neko et oe ee 42 


Average figures in such a study do not quite suffice, for as the strength of a chain 
is the weakest link, so the lowest figures obtained (30 per cent. at the lower end of the 
Harlem in July, 1911) indicate the danger conditions which sanitarians would strain 
every nerve to avert.* 

The Increasing Discharge of Sewage. When one remembers that the population of 
New York was only 2,500,000 in 1890, and that in 1905 it was 4,000,000, a careful esti- 
mate of its probable growth in the future is essential to arrive at a wise judgment in 
the matter of sewage disposal. 

Estimates have been made by several authorities, including Freeman, who said the 


population 1n:1940 would: be 55. oss: 4 a4 dn a4 las ele Oleces fa  p ee 7,652,000 
and Laidlaw, who said it*would bew.s 25s. ye ss oe ee ee 8,662,829 
The New York Telephone Company’s estimate is; --. aces. oki... Gee 8,747,000 
and the Board of Water Supply’s estimateis.-< 0-0... . sete ee ee ee 9,258,600 


The average of these suggest a probable population of the city in 1940 of 8,580,107, 
a figure which proximates to your own estimate of 9,000,000, which, be it remembered, 
is based on the Census figure of 1910, and on this account is more likely to be accurate. 
The prospective population which should be reckoned, however, is not 9,000,000, 
but 12,000,000, the population of the metropolitan area. The question as to what ex- 
tent the harbor is likely to be burdened with impurities in 1940, assuming that nothing 
is done in the interval, depends on population more than anything else, and whether 
*The percentage of oxygen fell still lower in 1912. The average for the year: Hudson river off Pier A, 55 


per cent.; Narrows, 70 per cent.; Kill van Kull, 65 per cent.; Upper New York bay, 64 per cent.; Lower 
East River, 47 per cent. 
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that population is located north, south, east or west of the harbor makes no difference. 
Artificial boundaries, therefore (state or other), are obviously not so important to the 
issue as watershed, and far fetched as it may appear to be at first sight, the manner of 
disposing of the sewage of the City of Albany and every other populous place built 
and to be built on the banks of the Hudson will materially affect the problem under 
consideration. This will be apparent if it is conceded that the recuperative influence 
of the harbor depends very largely upon the purity or otherwise of the Hudson as it 
enters New York City. 

The act of assimilation can be carried on only in the presence of oxygen, and it 
is therefore essential to conserve that oxygen as much as possible. 

The table which I have quoted to show the relative state of purity at various 
specified places as measured by percentage of loss of oxygen is eloquent condemnation 
of the existing system, a condemnation which is only partially mitigated by the natu- 
rally and wonderfully even admixture of the harbor water as shown by the voluminous 
observations you have made. 

In studying this question the fact that the volume of sewage must increase con- 
stantly has to be set in juxtaposition with the fact that the clean water from whence 
the oxygen is derived must remain very much the same in all time. Nor should the 
floating population as represented by the trade of the harbor be ignored. ‘This is cer- 
tainly a difficult problem, and I fear it will be impossible to exclude sewage from this 
source altogether; it is the more important, therefore, that the authorities deal effect- 
ively with the sewage from the stationary population which is under control. 

Cleanness, a Commercial Necessity. On the day I arrived in New York the news- 
papers referred to a remarkable speech by the Mayor on the subject of the growth of 
imports and exports at several harbors of the United States. The occasion for this 
speech was the 144th anniversary of the organization of the Chamber of Commerce, and 
it was shown that the increase of trade at New York was far and away greater than at 
any other port in the country. 


Since 1898 the increase at the port of New York was......... 111 per cent. 
& <9 (73 ““ (T3 6s (79 iT9 Philadelphia was T5 “ 
ce “ce (<9 “ “ 6 (73 if Boston was er ¢¢ 
43 . parcecrense wns yee Se RalimMOre WARK... «e  « 7 ¢ 


All the facts and considerations of the case lead me to the conclusion that the 
community must bestir itself if it would retain for its harbor the good name which is 
now associated with it. Let the cases of Marseilles and Glasgow be a warning. Many 
years ago the Clyde became so foul that even poor trippers declined to board pleasure 
steamers nearer to the Broomielaw than Greenock, several miles down the river. Since 
that time large sums of money have been spent on sewage disposal works, but the bad 
reputation justly associated with the name of the Glasgow harbor years ago will not 
be got rid of for many years to come. Every port has a duty to every other port, which 
if faithfully observed would inaugurate a state of things that would go far to lessen the 
duties of port, sanitary and quarantine officers. 


DISCUSSION OF THE METROPOLITAN SEWERAGE COMMISSION’S FouR SCHEMES FOR THE 
PURIFICATION OF THE HARBOR 


What then is the most practicable, the most hygienic and the most permanently 
economical scheme to adopt? I have studied the various schemes put forward in the 
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admirable reports which you have sent to the Mayor of the City since September, 1911.* 

Although the schemes enumerated in your reports may not have exhausted every 
phase of what you term the art of sewage purification, yet in my view you have consid- 
ered every method applicable to New York which can be regarded as reasonably 
practicable. 

Scheme 1 refers to the application of sewage to land. (Broad irrigation and 
intermittent filtration.) . 

Scheme 2 refers to filtration of sewage through biological filters (bacteria 
beds. 

Scheme 3 refers to treatment of sewage by a variety of methods at various 
points of outfall, each case being adapted to its special circumstances, and the 
ultimate disposal of partially purified liquid into the nearest water course. 

Scheme 4 refers to the conveyance of a large part of the sewage out to the 
Atlantic ocean with the minimum of treatment. 


SCHEME 1 


APPLICATION OF THE SEWAGE TO LAND 


The popularity of irrigation as a means of purifying sewage is on the wane, chiefly 
owing to the extensive area required and the unsuitability of the land available. 

The Berlin farm, which is the largest in Europe, continues to do good work. The 
largest farm in England was at Birmingham, but some years ago when land could no 
longer be obtained for less than three times its agricultural value, the authorities . 
abandoned irrigation! in favor of the intensive method of purification on bacteria beds. 
The largest farm in France is at Paris, and there also the authorities contemplate a 
change of method whenever it is necessary to increase the purification plant. 

Where all the conditions are favorable, irrigation is undoubtedly successful as a 
vehicle of purification, and one which generally yields consistently good effluents, but in 
New York the farm would be so colossal in extent that the conditions would not be 
invariably favorable. The available land is, I fear, limited to Long Island, the area 
required would exceed 150 square miles. It would necessarily vary in its adaptability 
for the purpose, and although the standard of purification need not be exceptionally 
high in view of the large volume of water into which it would ultimately be discharged, 
it would still be necessary to limit the volume of sewage to 10,000 or 12,000 gallons per 
acre, unless a great expenditure for underdrainage were undertaken. 

Sanitary Objections. A great area of land lying between Amityville and Quogue 
overlies one of the sources of the city’s present water supply, and its use for sewage 
purification would be a potential source of plague which no one would care to risk. 

The mere saturation of 150 square miles of land with sewage would be a menace to 
the inhabitants obliged to reside in the district and would be sure to produce mal-odors 
during certain states of the atmosphere, which would be highly objectionable, even if 
they did not markedly influence the health statistics of the district. 

I disapprove of this method of purifying New York sewage on grounds quite apart 
from cost; nevertheless, it is important to note that it is the most costly of the schemes 
brought forward, and would probably amount to $180,000,000; this, too, assumes that 
lend could be acquired for about $500 per acre—a somewhat sanguine estimate. 


*Metropolitan Sewerage Commission’s Preliminary Reports on the Disposal of New York’s Sewage, I 
to V_ inclusive. 
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SCHEME 2 


OXIDATION IN BACTERIA BEDS 


The epoch-making experiments of the Massachusetts State Board of Health have 
led to the adoption of what has been called the intensive method of purification. By 
this biological filters are made to take the place of land, and in your case would prob- 
ably purify 140 times as much sewage as the same area of land under irrigation. It is 
a method which is almost invariably adopted in modern works which are located some 
distance from sea, lake or river. 

To carry the whole or the major portion of the New York sewage to Barren Island 
and then treat it on bacterial filters would be costly, and could only be justified if it 
could be shown that a specially good affluent is essential at the point of discharge. 

As the oyster beds will probably depreciate in value as the population of the dis- 
trict increases, it would not be wise on this account alone to incur the expense of this 
operation, more particularly as it is now admitted on all hands that the passage of sew- 
age through a biological filter does not necessarily deprive it of pathogenic organisms, 
and in order to protect the oysters from the attack of a stray typhoid bacillus it would 
in this case be necessary to sterilize before 1940 a quantity of sewage equal to about 
700,000,000 gations. 

Danger of Nuisance. Perhaps Barren Island is the very best site available for 
placing an installation of percolating filters, but it would appear as if Jamaica bay 
were on the eve of great developments, and that Barren Island would not for long 
be the isolated place it now is. I regard ii as of the utmost importance to establish 
sewage purification works where they are not likely to become a nuisance, and I have 
grave doubts about the wisdom of placing so vast an area as 1,000 acres of bacteria 
beds so near to an industrial center as they would be on Barren Island. In contem- 
plating such a scheme there is a factor which should be taken into account, and that 
is the after effects of the evaporation of so much foul liquid as there must necessarily 
be from such an area of filters. . 

In 1911, when the summer weather in England was warmer than usual, there were 
complaints of smell nuisance at Henley, where the sewage is of about the same strength 
as the average American sewage, and where it is distributed over rectangular percola- 
ting beds by mechanical distributors moving backwards and forwards. Complaints 
were also made by residents near the Birmingham works, where the sewage is sprayed 
over the beds by fixed nozzles. 

The chief lesson to be learned from the 1911 experience is that an increase of flies 
is to be looked for in the neighborhood of bacteria beds in hot weather, and that objec- 
tional smell adjacent to them is more pronounced during prolonged hot weather than 
at other times, e. g., seasons like the average English summer, when the temperature 
rarely exceeds 65° Fahr. in the shade. But a much more serious drawback to a great 
area of bacteria beds during spells of prolonged hot weather is the formation of 
vaporous “clouds,” due to the evaporation of sewage. These clouds appear to form 
over the beds in quiet weather. They rise to some distance above the earth, and at sun- 
down, when the earth begins to cool, they return not alone as refreshing dew, but with 
offensive odor. If this occurred only in the vicinity of the bacteria beds, where the 
land is generally less valuable than at some distance, it would not be so serious in its 
consequences, but it generally occurs at some distance from the bacteria beds, the di- 
rection and distance depending upon the tendency and the velocity of the wind. 
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Cost. Of course, it is only the mal-odorous element in sewage that makes this phe- 
nomenon noticeable; evaporation from clean water would act precisely in a similar 
manner, but it would manifest itself in welcome dew on the grass. This led me to adopt 
at Birmingham the use of hypochlorite of calcium with excellent results, but the cost 
would be a serious matter where 700,000,000 gallons had to be treated each day; indeed, 
the bare probability of hypochlorite of either caleum or sodium (and the latter is even 
more effective) having to be used frequently, would be sufficient in itself to retard the 
adoption of a scheme which would be many times as large as anything now in exist- 
ence. It is obvious that climate is of paramount importance. 

The initial cost of 1,000 acres of biological filters to deal with 700,000,000 gallons 
of sewage would be not less than $140,000,000, apart from maintenance charges, Alto- 
gether, I agree that the Commission would not be justified in espousing this scheme 
as the best available for New York. 


SCHEME 3 


LocAL TREATMENT WORKS AND OUTFALLS 


It is probably not far from the truth to say that the only purification of organic 
matter known to nature is an oxidizing one, which is brought about indirectly by the 
agency of bacteria, but whether the vehicle by which the process is brought to fruition 
is the irrigation farm, the biological filter or dilution with large volumes of clean water, 
the “combustion” process is practically the same. 

To protect the harbor from pollution it is neither essential to confine the purifying 
process to one method nor to one locality, but whether it is expedient or wise to con- 
struct dozens of sewage purification plants in and around New York is an entirely 
different matter. Sewage from the various districts delineated on the plans could be 
sufficiently treated to admit of being discharged in the adjacent waters without cre- 
ating a nuisance, but in some cases the treatment would have to be very circumscribed, 
and a greater burden would be placed upon the assimilating powers of the waters than 
they ought to be called upon to bear. 

Essential Details. It is unnecessary for me to refer in detail to the various outfalls 
that would be required under this scheme. Suffice it to say that I have examined 
many of the suggested sites, with the invariable result that they all appear to me to 
have been chosen with great judgment and engineering skill. It is more than prob- 
able, however, that if Scheme 8 finds most favor, the sites shown on the plans, and re- 
ferred to in your reports, may have to be altered when negotiations for the purchase of 
those sites are begun; this will be found to be specially true in the case in the nineteen 
outfalls on Manhattan Island. 

Under this scheme it would be necessary to lay sewers towards an outfall which 
would terminate in the deepest water available in the vicinity, where it would be dis- 
persed by a complete system of moderate sized outlets so placed as to enter the stream 
transversely to the flow and in sufficient number to encourage equal diffusion. Each 
outfall should be protected by grit chambers and settling basins in duplicate; the former 
should be provided with every appliance requisite to remove solids of large size, road 
grit, rags, etc. 

Disposal of the Sludge. The basins should be built so as to induce the sludge ar- 
rested by mechanical or chemical precipitation (as may be found best under circum- 
stances which vary considerably at different outfalls) to collect at, say, the apex of 
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an inverted cone or pyramid, and the sludge collected should be pumped daily into 
steamboats built for the purpose and removed well out to sea. This system of getting 
rid of sludge is well suited to a scheme which would have all its sludge tanks within 
easy reach of navigable water. : 

In my view the sludge should be removed daily so as to obviate smell nuisance. 
The only alternative would be to septicize the sludge in Emscher tanks, but this would 
mean large and deep tanks, which would be incompatible with the conditions obtain- 
ing at some of the outfalls, particularly those in Manhattan, where the sludge tanks 
would perforce be placed in the streets abutting on the bulkhead and shore lines. The 
experience of the engineers at London, Glasgow and Manchester puts at rest any doubt 
as to the practicability of removing unsepticized sludge by steamboat, but there is 
nothing equally convincing to show that if it were in a state of active fermentation it 
could be so easily removed and so quickly lost to view when dropped into the ocean. 

Only Limited Treatment Practicable at Wards Island. If such a scheme as this 
were to be carried out, its weakness would probably become apparent first at Wards 
Island, where 302,000,000 gallons of sewage will have to be treated daily in 1940. The 
reasons I have given against the establishment of a great area of filter beds at Barren 
Island are even more potent when applied to Wards Island, so that either mechanical 
or chemical precipitation would in the present state of knowledge have to be resorted 
to, and neither process is efficient enough to warrant me in suggesting that such a 
volume of effluent could be discharged into the East river without unduly drawing 
upon the oxygen of the harbor water. 

One of the leading factors in considering the Wards Island problem is the fact 
that the river, so called, is without a continuous flow of fresh water towards the sea; 
any sewage effluent, therefore, would have to rely upon admixture with the water of a 
tide in order to obtain the necessary supply of oxygen to obviate putrefaction, and con- 
sidering the volume available for this purpose, I am doubtful whether the results 
would be acceptable at all seasons of the year. Of course, the sedimentation process, 
including screening and sludge removal to sea, or that process plus the addition of a 
coagulant to help mechanical precipitation, do not exhaust the great sources of power 
in nature, and it is quite possible that we may before many years are over realize the 
practicability of electrolyzed sea water. Your laboratory experiments stimulate me 
with hope, but I cannot in the present state of my knowledge recommend them as a 
practical solution of the problem. 

Under this scheme there would be many outlets, all of which would require to be 
equipped with screens, grit chambers, tanks, and some kind of treatment works, before 
the effluent could be discharged and left for the nearest water to complete its purifica- 
tion by assimilation. 


SCHEME 4 
CONVEYANCE OF A LARGE PART OF THE SEWAGE TO SEA 


The distinctive feature of this scheme is the provision of subterranean channels, or 
great sewers, into which each part of the municipality embraced within a prescribed 
area would have the indisputable right to discharge sewage and trades wastes without 
let or hindrance, knowing that the sewage would be conveyed right out to the Atlantic 
ocean. Nothing in the nature of treatment beyond arresting solids that would other- 
wise obstruct the pumps would be undertaken en route. 

One important feature of this scheme would be the formation of an island in the sea 
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about three miles south of Coney Island. The formation of such an island is by no 
means unprecedented, but the idea of forming one some miles from land for the sole 
purpose of treating sewage is a novelty in the history of sewage purification. 

Scheme 4 involves pumping the sewage, screening it, arresting a proportion of the 
suspended solids in sedimentation tanks to be constructed on the island, and there- 
after leading it by a series of pipes into deep water to secure effectual diffusion. 

Having the sewage tanks on the island would obviate the usual troublesome claims 
for compensation in respect of depreciation of value of adjacent property. The island 
could be extended almost indefinitely as occasion for extension arose. Its position 
would be the best possible from which the superintendent of the works might observe 
the ebb and flow of the tide, and regulate the emptying of the sedimentation tanks. 

The Treatment Necessary. The question of the extent to which sedimentation 
should be carried is one which will gradually settle itself. I do not think it will be 
necessary to effect settlement until after the first section of the work has been in opera- 
tion for some time, but as section after section is completed it will be found necessary 
to arrest the solids in tanks, made with the view of concentrating the sludge at the 
bottom of either conical or pyramidal pockets placed at an elevation to induce the 
sludge to flow by gravitation. 

The precise site of the proposed island will require careful consideration, but 
that shown on your plan appears to be feasible. Excepting rip-rap for the external for- 
mation, nearly all the material for making it can be readily and cheaply obtained, 
chiefly from (1) débris or spoil from building sites which at present is dumped into 
the ocean; (2) spoil from the tunnels and terminating shaft, and (3) sand pumped 
from the adjacent sand banks. 

The Progressive Steps in this Scheme. The first step to be taken if this scheme is 
entertained is to collect sewage from those parts of Manhattan and Brooklyn which 
border on the East river, convey it by tunnel to a central pumping station at Wall- 
about, near the Navy Yard, and lift it to another pumping station at Sheepshead bay, 
whence it would be conveyed to the projected island for disposal. 

The population of the districts to be served at first by this instalment, and the dry 
weather flow of sewage pertaining thereto, are as follows: 


, Sewage, 
District Population, 1915 Gallons per Day 
Manhattan: sii ite eo ia ol os te tc ie 680,000 99,000,000 
Brodkinn 7 aicvics sepa ae era iawn cakes ci meare 732,000 104,000,000 
Total, 1,412,000 203,000,000 


The Wallabout pumping station would lift 133,000,000 gallons coming from the 
north 18 feet in height, and 70,000,000 gallons from the south 33 feet in height, and the 
Sheepshead bay station 203,000,000 gallons about 38 feet in height. 

This instalment could be executed for about $18,000,000, which would entail for in- 
terest (at 444% for 50 years), together with maintenance charges, an annual payment 
of $1,500,000, but I do not recommend you to limit the size of the tunnel to a carrying 
capacity of 400,000,000 gallons, or about twice the dry weather flow, as I believe the 
second instalment of the scheme should be undertaken soon after the completion of the 
first. . 

The second instalment, I apprehend, would be to couple up the intercepting sewer 
which would serve the Jamaica Bay Division, shown on the plan accompanying your 
report to the Mayor, dated November, 1911. 
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The third instalment of the work should bring the sewage of the Upper East river 
and Harlem Division into the system, and the fourth would take in Richmond and as 
much of New Jersey as may be determined. 

In my opinion all the intercepting sewers should be capable of conveying not less 
than twice the dry weather flow before storm water is shed into the nearest water- 
course; this would correspond favorably with the English practice of conveying six 
times the dry weather flow,* or rather less than 200 gallons per head per day. 


NEED OF A PERMANENT SEWAGE DISPOSAL COMMISSION 


Of the four projects thus briefly outlined as possible schemes for adoption, I have 
a decided preference for Scheme 4. I admit that Scheme 3 is feasible, but it lacks 
finality and possesses features which should be avoided when possible, e. g., the 
numerous outfalls and the drawbacks attaching to them in the eyes of the general 
public, their not invariably suitable locations, and their inevitable increase in num- 
ber as the population increases. What influences me most in favor of Scheme 4 is the 
conviction that where it is possible to remove the bulk of the sewage of New York en- 
tirely away from its source to the ocean it should be so removed, although the cost may 
be somewhat higher than it would be under a project like Scheme 38. 

In a great city where such public services as water supply, sewerage and sewage 
disposal are indispensable, and where several self-governing municipalities benefit by 
the common service, it is essential in the interests of good and economical administra- 
tion that there should be a permanent commission, with jurisdiction over the whole 
area. Such a general commission from its very constitution is enabled to deal with 
questions more comprehensively than local boards, commissions, departments or 
bureaus can do. Probably an example of what I mean may be found by reference to 
the endeavor to improve the insanitary conditions of the Gowanus canal, where a 
local sewer bureau tried to remedy a nuisance by conveying a stagnant, putrid liquid 
from one locality to another in the same neighborhood. No doubt the bureau did the 
only thing available to them at the time, but they were obviously restricted in their out- 
look, and were forced by circumstances to mitigate rather than remedy the evil, 
whereas if it had been possible for them to order the polluted waters of the canal to 
be conveyed beyond the municipal boundaries to the ocean the evil would have been 
effectively remedied. A municipal engineer’s work is often unfairly criticized because 
the effects of being hemmed in by surrounding boroughs is not adequately appreciated. 
Administrative questions, like sewerage, are not invariably united, but here they should 
be under one commission or board, and it is with the object of devising a workable 
scheme for keeping the harbor free from solid as well as liquid impurities that I sug- 
gest the formation of a commission to be entrusted with the duty of making and keep- 
ing pure (or reasonably pure) the national waters. 

Proper Functions of a Permanent Commission. The constitution of such a com- 
mission would have to be carefully framed by those who are well versed in existing 
statutes and interstate law, but I venture to suggest one or two points which should be 
carefully embodied in the constitution. 

The whole responsibility for maintaining clean waters within the prescribed area 
should rest upon the commission, and they should have all necessary power to enforce 
their regulations. 


“For comparison between English and American sewage, See Preliminary Report VI, of the Metropolitan 
Sewerage Commission of New York, January, 1913. 
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The commission should be responsible for the design of all intercepting sewers, 
pumping stations, tanks, outfalls, etc., essential for the construction of a complete in- 
stallation of sewerage and sewage disposal works. The board should also be made 
responsible for the construction of these works and for their subsequent maintenance. 

Each borough or municipality must have the same right to connect to an inter- 
cepting sewer or sewers that they now have to discharge sewage into harbor, river or 
watercourse. 

The commission should be charged with the duty of seeing that pollution, which 
must be inevitable until the intercepting sewers or subterranean tunnels are all built 
and connected to the ocean outfall, does not increase, even although it should be neces- 
sary to construct temporary works for the purpose. 

The joint board or commission should have ample power to decide whether an in- 
tercepting sewer or any other work is required, and to allocate the cost of construction 
to the users. It should also have power to regulate by by-laws, or otherwise, every- 
thing which pertains to the keeping clean of the harbors, rivers, canals or watercourses 
within the area for which it is responsible. If it is usual to give such commissions 
rating, borrowing or financial powers, the board should be so empowered. 

In recommending the adoption of Scheme 4 it is not to be assumed that I advocate 
its complete execution at once. If I have succeeded in presenting the whole project 
correctly, it will be apparent to all that the dominating factor is and must continue to 
be the condition of what I have called the national waters. As it stands at present, the 
putrefactive liquid entering them increases daily; their power of oxidizing foul liquid 
is practically stationary, and as every sewer is diverted to the Atlantic ocean by being 
coupled up to the system under Scheme 4, their condition will improve. I do, however, 
advocate progressive, consistent advancement until the completion of the scheme be 
attained, which I hope ran be oot later than 1925. 


NECESSITY FOR IMMEDIATE ACTION 


I cannot say too distiticely that there is need for. immediate action. The nature 
and extent of the tunnel work bars haste and precludes all chance of redeeming lost op- 
portunities; therefore no opportunities should be lost. 

Generally, I am in sympathy with the plans you have prepared; particularly do I 
espouse what you call Project 1 as the first step to be taken. There should, however, 
be a comprehensive plan matured if possible in conjunction with the engineers of the 
several sewer bureau, which will indicate how every link of the complete scheme will 
be caught up in regular progressive stages. This is the more important as there might 
be more or less prolonged intervals between each successive stage. 

it will probably cost not less than $100,000,000 to complete Scheme 4, undoubtedly 
the largest sum ever contemplated for such a purpose, but no scheme has hitherto been 
designed for the service of 12,000,000 people. Many small towns have spent more per 
capita than this estimate implies, and frequently all they gained was the removal of a 
liquid which possessed potential elements of plague. The citizens by approving the 
conveyance of all the sewage to the Atlantic will gain that and more, for they will at 
once purify their harbor and rivers, which never will cease to be the most priceless 
and most striking physical characteristic of New York. 

Comparison with European Undertakings. If one were to attempt a comparison 
between the cost of the sewerage systems of European capitals and what is now pro- 
posed for New York, the great disparity between the quantities of potable water used 
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by the inhabitants of cities of the Eastern and Western Hemispheres would arrest at- 
tention. The world has been startled by the magnitude of your water schemes. Any 
European city would have regarded 114 gallons per capita as an extravagant allow- 
ance, yet this—which is equal to a daily supply of 500,000,000 gallons—is what is now 
obtained from the Croton works alone, but rather than curtail that supply, or do 
anything which might be interpreted to favor a limited use of water for public health 
purposes, the authorities determined to carry out a gigantic scheme to obtain another 
500,000,000 gallons of water per day, this time from the Catskill mountains. The mag- 
nitude of the undertaking and the aggregate cost of bringing in 1,000,000,000 gallons 
per day will place the New York water supply in a category by itself when a history of 
the world’s great water works comes to be written. 

The consumption of water has a direct relationship to a city’s sewerage system as 
regards cost, and it is incumbent upon an engineer in recommending a scheme to sat- 
isfy himself that it is not only sound as an engineering proposition, but that it is finan- 
cially possible. The facts I have brought to your recollection go a long way to show 
that a scheme of sewage disposal which will ultimately cost $100,000,000 and involve 
an annual outlay of $5,000,000 for the benefit of 12,000,000 people is not disproportion- 
ate to the requirements of the city. But I have not relied alone upon the example of the 
water works in coming to this decision. The numerous public schools, seats of learn- 
ing, public institutions, colossal buildings, wide streets, stupendous bridges of unpar- 
alleled width, not to speak of railroad, canal and private enterprise, the most recent ex- 
amples of which may be found in the Pennsylvania and Grand Central stations, which 
between them have cost not less than $300,000,000, all direct one’s attention to indis- 
putable evidence of prosperity and progress, and to what is of even more importance, the 
attitude of mind which shows that the people have a profound faith i in pe future great- 
ness of their marvellous city. 

It is quite unnecessary to caution you that all pubis of wig so far as they have 
been prepared by me, must be regarded as of a tentative character, and should be 
accepted cautiously until complete surveys, detailed plans and sections are made, and 
schedules of quantities drawn up—nevertheless they seem to me to be quite ample for 
the work contemplated. 

I am, gentlemen, your obedient servant, 


BIRMINGHAM, 31st January, 1913. JoHn D. WATSON. 


SECTION III 


REPORT OF GEORGE W. FULLER, C. E.* 


TO THE PRESIDENT AND MEMBERS OF THE METROPOLITAN SEWERAGE COMMISSION, 
17 BATTERY PLACE, NEw York, N. Y. 


GENTLEMEN: Pursuant to your request of July 29, 1913, I beg to report herewith 
my views on the present status of the art of sewage disposal and on the probable future 
development of processes of sewage treatment with special reference to New York City; 
and particularly my opinion as to whether the art of sewage treatment has been devel- 
oped to such a point as to warrant the adoption at this time of a definite policy and 
plan for the main drainage of this city, with the necessary works for the disposal of 
sewage. 

* See also Appendix to Mr. Fuller’s Report, pages 213-218, and Correspondence with Mr, Fuller, page 218. 
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BriEF SUMMARY OF GENERAL CONCLUSIONS 


In my judgment the art of sewage treatment has reached a point such as to war- 
rant at this time the adoption of a definite policy and general plan for the main drain- 
age works of New York City. 

There is between the early advisers of the Commission and myself a serious dif- 
ference of opinion as to the extent to which the oxygen dissolved in the harbor waters 
may properly be lessened by the digestion therein of clarified sewage matters. 

There is also some uncertainty as to the extent to which the harbor waters will 
show improvement from the systematic prevention of sludge deposits accumulating on 
the harbor bottom, particularly around slips and in the vicinity of sewer outlets. In 
part this uncertainty is owing to difficulties in interpreting the relation between the 
deoxygenating effects as measured by laboratory methods and as actually encountered 
under local conditions in practice. 

But there is no room for doubt as to the correctness of the conclusion that the best 
method of disposing of New York sewage is by mixing it promptly with sufficient water 
in the neighboring watercourses, after substantial removal of solid sewage matters, 
which now either float on the surface or subside. 

In particular I agree with the Commission: 


1. That visible evidences of sewage in the harbor waters should be removed by first 
subjecting the sewage to fine screening or sedimentation. 

2. That the subdivision of the city into natural drainage districts for separate 
treatment is proper. 

3. That the discharge of sewage should be through submerged outfalls into deep 
water so as to affect a prompt and thorough mixing wherever such submerged outfalls 
can be built without serious objection and present conditions of pollution demand im- 
provement. 

4. That all construction should be made to conform to the general plan adopted 
by a central authority. 

Harbor waters will digest, other things being equal, more settled sewage than raw 
sewage. And in my opinion the treatment of the New York sewage as required by fine 
screens or sedimentation will allow the harbor waters to digest the sewage of a popula- 
tion materially greater than indicated by the published opinion of the Commission. 

Some portions of the harbor waters, such as Gowanus canal, Wallabout bay, New- 
town creek, Harlem river and the waters in the immediate vicinity of some of the 
larger sewer outlets and over some of the Manhattan and Brooklyn shore line require 
relief at once from objectionable conditions of sewage pollution. 

Other portions of the harbor waters, such as the Lower Hudson river, Lower bay, 
etc., have a sufficient volume of water for dilution for many years to come, and the prob- 
lem is not a complicated one, provided the sewage is clarified by devices now available 
and is suitably distributed so as to avoid shore pollution. 

Uncertainty as to procedure relates to the intermediate set of conditions where 
the available water is neither obviously insufficient on the one hand, nor obviously 
ample on the other. The Lower East river is one of these bodies of water. 

As to the “outlet island” project for the sewage of the Lower East river division, 
as tentatively recommended early in 1913 by the Commission, I am of the opinion that 
the evidence now available does not warrant the conclusion that this project is the 
proper one. 

My views as to residual oxygen and the significance of solid sewage matters lead 
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me to the opinion that local plants for clarifying the sewage now entering the Lower 
Hast river are entitled to much fuller consideration than I have noted in the reports 
which you have published up to this time. It is my belief that local clarification 
devices can be installed along the water front of the Lower East river so as to accom- 
plish all necessary relief from the present uncleanly conditions. I believe that the solu- 
tion of the problem of this particular division depends essentially on the matter of cost 
and that the program should provide for that method which will give sufficient im- 
provement to the local waters at least burden to the taxpayers when account is 
taken both of the investment and operating costs. 


BASIS OF STUDY 


In order to make this report concise and responsive to the New York problem, it is 
necessary briefly to refer to the more characteristic features resulting from the 
methods now practiced in the disposal of the sewage of New York City, the needs as to 
corrective treatment and the methods proposed for that purpose. 

I have noted the contents of the several comprehensive reports issued by the Com- 
mission and I have also inspected personally the principal watercourses into which the 
sewage of Greater New York now discharges. 


INFLUENCE OF NEW YORK SEWAGE ON THE WATERS OF THE HARBOR AND VICINITY 


I find that the conditions attending the present discharge of the New York City 
sewage into the adjoining tidal waters may be briefly summarized as follows: 

1. Visible suspended matter unquestionably of sewage origin is to be noted at 
various places in the watercourses into which the city sewage is discharged. Among 
the most conspicuous places for noting fecal matters is the Lower East river. 

2. Relatively large pieces of garbage, refuse, driftwood and other sizable débris are 
to be noted at various places. Only a small part of these originate in the sewage. 

3. An oily film or greasy coating, sometimes spoken of as “sleek,” is visible in 
some places. It is doubtful whether such appearances exist to a seriously objectionable 
extent over other than quite limited areas of the New York waters. 

4. Deposits of solid sewage matters have occurred over quite substantial portions 
of Upper New York bay, the Harlem river, in the East and Hudson rivers, in and 
around slips where sewage is discharged from the outer end of neighboring piers. 

5. These deposits of sewage sludge are undergoing decomposition at a more or 
less rapid rate. In deep water they do not produce offensive conditions, although they 
are undoubtedly robbing the overlying water of some of its dissolved oxygen. In the 
vicinity of some of the slips, however, the deposits are subjected to objectionable putre- 
faction during the warmer months. Such putrefactive decomposition, with its attend- 
ant gasification, occurs in various degrees of intensity and at certain places becomes 
objectionable in its offensiveness. Such conditions I have noted in the vicinity of Go- 
wanus canal, Wallabout channel, Newtown creek and the Harlem river. 

6. Bathing in these waters in the vicinity of the outlets of the New York sewers is 
an unsanitary practice unless the sewage-polluted waters are thoroughly and system- 
atically purified before use in the bathing establishments. 

7. In the waters north of the Narrows and at some places south thereof, as well 
as in many locations in Jamaica bay, the waters are in all probability unsafé for use in 
the shell-fish industry. 

8. Eliminating questions of shell-fish, bathing and perhaps some other means of 
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personal contact with the water, there is no reason to believe that the discharge of 
sewage of New York City into the adjoining waters has a measurable effect upon the 
public health. 

9. Analytical data indicate that there has recently been, according to the analyses 
made by the Commission, quite a marked reduction in the atmospheric oxygen dis- 
solved in the waters receiving New York City sewage. Representative data for the 
years 1909, 1911 and 1913 may be summarized in tabular form, as follows: 


TABLE XIX 
Percentage Saturation of Oxygen. 
Divisions of Harbor. 

1909 1911 1913 
Harlem rivet foc (scisc an eter CT ee Ene Tee reine 55 42 29 
Lower Hudson fivet.3 07.0.0 0 ete en ee ee ee ene 72 62 57 
Upper Bast river iscinisucy sean orotate knew ceioals SE eR icer 86 69 48 
Lowér: Hast river clacton cette ee tre Ciel Site erecta ae 65 54 43 
Upper. bays 35o0% «Sah ae ae a ee 67 72 66 
Wall van Kull. ooo es core ue eee ets ete eer ie cee tees 79 70 65 


NAITOWS oie Giesisiis oc ets bac ee 83 76 69 











Norz.—While not attempting to explain the striking reduction in oxygen content given by these figures, it is 
to be noted that increase of population is not an adequate explanation for this reduction. 


10. As regards major fish life, there are undoubtedly polluted zones where the 
dissolved oxygen content and other features resulting from the discharge of sewage 
are such as to make unsuitable the waters in the vicinity for supporting fish life. It is 
not believed, however, that this is generally true of the main watercourses. 

11. The local sewage problem consists essentially in the corrective treatment of 
nuisances offensive to the senses of sight and smell and in the consideration of meas- 
ures to be adopted sooner or later in the development of a program which shall result 
in maintaining a reasonable degree of cleanness in the waters receiving the sewage of 
New York City. 


PROPOSED STANDARDS OF CLEANNESS 


I have noted the proposed degree of cleanness which the Commission recommends 
for the waters in the vicinity of New York City, as follows: 

“1. Garbage, offal or solid matter recognizable as of sewage origin shall not 
be visible in any of the harbor waters. 

“2. Marked discolorization or turbidity, due to sewage or trade wastes, ef- 
fervescence, oily sleek, odor or deposits, shall not occur except perhaps in the 
immediate vicinity of sewer outfalls, and then only to such an extent and in such 
places as may be permitted by the authority having jurisdiction over the sani- 
tary condition of the harbor. 

“3. The discharge of sewage shall not materially contribute to the forma- 
tion of deposits injurious to navigation. 

“4, Except in the immediate vicinity of docks, piers and sewer outfalls, the 
dissolved oxygen in the water shall not fall below 3 cubic centimeters per liter 
of water. With 60 per cent. of sea water and 40 per cent. of land water and at 
the extreme summer temperature of 80 degrees Fahrenheit, 3 cubic centime- 
ters of oxygen per liter corresponds to 58 per cent. of saturation. Near docks and 
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piers there should always be sufficient oxygen in the water to prevent nuisance 
from odors. 

“5. The quality of the water at points suitable for bathing and oyster cul- 
ture should conform substantially as to bacterial purity to a drinking water 
standard. It is not practicable to maintain so high a standard in any part of 
the harbor north of the Narrows, or in the Arthur Kill. In the Lower bay and 
elsewhere bathing and the taking of shell-fish cannot be considered free from 
danger of disease within a mile of a sewer outfall.” 

As a set of rules, the observance of which should be the aim in considering the dis- 
posal of sewage for New York City, I do not believe that serious exception can be taken 
to the foregoing standards, reasonably interpreted, other than to Rule 4 specifying the 
minimum residual quantity of dissolved oxygen considered permissible in the waters ex- 
cept at docks, piers and sewer outfalls. 

In my judgment this minimum quantity of 3 cubic centimeters of dissolved oxy- 
gen per liter, equal to 4.3 parts per million, and about 58 per cent. of saturation at 
summer temperatures for the harbor water, consisting of about 60 per cent. of sea 
water, is a needlessly high limit, the attainment of which is not necessary to a general 
program of securing inoffensive and reasonably clean harbor waters. A much smaller 
quantity will, in fact, suffice. 

It is my belief that the significance of this matter has not been well understood 
by many of those considering this question; and indeed has been confused needlessly 
with assumptions as to requirements for major fish life and a desire to provide a very 
liberal margin of safety in guarding against offensive odors. 

Deoxygenation of the waters overlying putrefying sludge deposits has compli- 
cated quite seriously many of the limited data now available upon this topic. 

In again taking up this question below, I shall go more into detail, but it appears 
to me that many writers upon this question have not carefully noted the absence of 
putrefactive odors where dissolved oxygen has fallen to much smaller figures than 
stated in the above proposed standard. 


METROPOLITAN SEWERAGE COMMISSION’S PROGRAM 


The essence of the program which the Commission has developed deals particularly 
with the following decisions: 

1. Suspended particles of sewage origin readily visible to the naked eye should be 
removed from practically all of the sewage before it is discharged into any of the ad- 
joining waters. , 

2. It is futile to attempt to make the water in New York harbor and adjacent wa- 
tercourses of a hygienic quality suitable in a raw condition for bathing, except by a 
thorough and expensive sterilization. Even if the dry-weather flow of all sewers were 
removed from the harbor waters they would still fall far below clean-water standards 
necessary to insure safe bathing and the safe raising of shell-fish. This is owing, of 
course, to the overflow discharges at times of storms from the existing sewers, which are 
built to carry both the domestic wastes and the rain-water falling upon the streets, 
roofs of buildings, areaways and unoccupied land. 

3. Dispersion or dilution of the flow from existing sewer outlets into neighboring 
watercourses results in many cases in faulty mixing of the sewage with the harbor wa- 
ters. In some cases this inadequate mixing of sewage and harbor waters can be cor- 
rected without great difficulty by releasing the sewage from pipes laid on the stream 
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bed so that there will be a prompt mixing of the sewage with sufficient moving water. 
In other instances the relative proportion of sewage to clean water available for dilu- 
tion is such as to preclude an entirely satisfactory solution of the problem without 
removing the sewage in an interceptor to a point somewhat distant from the present 
sewer outfalls. . 

4. Deposits of sewage sludge on the bottom of the harbor and certain of the ad- 
joining watercourses, particularly in the vicinity of slips near large sewer outlets, rob 
the harbor waters of much of their atmospheric oxygen and lessen materially the quan- 
tity of clarified sewage that can be satisfactorily disposed of by dilution. 

do. The disposal by dilution of the city sewage into neighboring waters in a care- 
fully considered manner is the most suitable way of disposing of a very large portion 
of the sewage of New York City. 

6. The proposition of collecting all of the sewage of New York City and discharg- 
ing it through tunnels at sea off the southern coast of Long Island has been decided by 
the Commission to be inadvisable on the ground of excessive cost as compared with 
other procedures which would give satisfactory results. 

7. A central plant for the application of the sewage of New York City to land 
for purposes of. sewage farming is also barred on the ground of excessive cost. 

8. Disposal of the sewage by filtration in plants of the intensive type, such as 
sprinkling filters, is likewise considered unjustifiable on the ground of the cost which 
would be involved by works so built and so located as to be inoffensive to the neighbor- 
ing property owners. 

9. The basic feature of the procedure recommended by the Commission is to treat 
the sewage of each natural drainage district in accordance with the individual require- 
ments of this district. This allows use to be made of the dilution method for the di- 
gesting and disposing of the clarified sewage up to the full limit of practicability, if 
such limit should be needed, in any or all of the subdivisions which you have made of 
the area of the Metropolitan Sewerage District. It also has the advantage of allowing 
the construction work to be carried on piecemeal; work may be begun where it is most 
needed, and necessary improvements need not then be delayed until funds can be raised 
and construction work accomplished for a large central disposal project. 

10. It is the conclusion of the Commission that the needed improvements in dis- 
posing of the sewage of New York City should be carried out under the control of some 
central authority which would see that progressive construction work is executed in 
conformity with a comprehensive design looking well to the future needs of the Metro- 
politan District as a whole. Such a central authority would also see to it that the work 
is directed first to solving problems which are in greatest need of attention and in gen- 
eral in coérdinating the construction procedures with the financial aspects. 


GENERAL ENDORSEMENT OF COMMISSION’S PROGRAM AS ABOVE STATED 


Dealing in a broad way with the recommendations of the Commission as outlined 
in the foregoing ten paragraphs, and passing by for the present the question of the 
residual quantity of dissolved oxygen and the consequent amount of purification to 
maintain the standard adopted, I am clearly of the opinion that the recommendations 
are sound. 

I take it that the citizens and taxpayers of New York City are ready to adopt im- 
proved sewage disposal procedures which will correct objectionable putrefactive condi- 
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tions and in general to proceed on a program whereby visible objects of sewage origin 
will be removed from the sewage before its discharge into the harbor waters. 

I am equally convinced that this community does not desire and will oppose the 
expending of such large sums of money as would be required either for pumping all of 
the sewage of New York to a point of disposal in the deep waters of the ocean or for 
applying it to many square miles of farm land upon Long Island, or for filtering and 
oxidizing the sewage so that its purity would be comparable with that of the waters 
of the Hudson river above New York City. 

The problem is essentially that of constructing works for clarifying the sewage 
by means of screens or by subsidence in settling tanks, or by both, and of distributing 
the partially clarified sewage so that it will be properly mixed with an adequate 
quantity of water. With this done I am satisfied that adequate and proper results will 
be obtained, although I am aware that most careful attention must be given in some 
instances to lessening the effect of sewage deposits that are at present seldom or never 
dredged and in other instances to diverting the sewage for a greater or less distance 
from its point of origin to a suitable place for its treatment and the mixing of the 
treated sewage with sufficient diluting water. 

I am strongly in favor of the erection of a central authority which shall direct in a 
businesslike way the progressive improvements that are needed in solving the sewage 
disposal problems of New York City so as to harmonize the work that is done year 
by year in accordance with a comprehensive and systematic plan. This, in my opinion, 
is a necessary element to conform with the needs of efficient city planning. Haphaz- 
ard execution of disjointed plans is bound to lead to unsatisfactory results as well 
as to waste of the public funds. It is necessary that the administrative body control- 
ling the sewage disposal policy of the city shall consider the requirements and welfare 
of the city as a whole. 

Reverting now to the terms of the inquiry which you have made of me, I take it 
that what you have asked may be briefly stated as follows: 

Is our knowledge now sufficiently definite on: 

A. Present shortcomings of the method of disposing of the sewage of New 
York City; and | . 
B. Corrective measures ; 
as to warrant the adoption of a general plan for disposing of the sewage of Greater 
New York; or are the advances in the future likely to make present designs injudicious 
either from the standpoint of efficiency or of cost? 

Without any hesitancy I can answer your inquiry by saying that the present state 
of the art of sewage disposal is such that it is feasible to proceed with plans for the 
progressive improvement of methods of sewage disposal which will lead at reasonable 
cost to the dispersion of suitably clarified sewage in adequate volumes of relatively 
clean harbor water. 

Future developments in the art of clarifying sewage will no doubt result in 
securing higher efficiency for a given investment, other things being equal, than can 
be now obtained. However, it is my belief that designs made now for devices for 
settling sewage and disposing of the resulting sludge will not for many years become 
obsolete. 

I am convinced that the time and conditions will never arrive when any great part 
of the sewage of New York City will either be sent to sea, applied to land or to filters 
. of any type. 
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My task, therefore, resolves itself into a recital, in the first place, of why a central 
plant for deep-sea disposal, land treatment, or filtration, will not be needed for the 
whole city, and secondly, of my views as to certain features of the progressive im- 
provement of the present sewage disposal methods of each of the natural drainage areas 
of New York City. 


UNDESIRABILITY OF DEEP-SEA DISPOSAL AT A CENTRAL POINT 


In its Preliminary Report I, dated September, 1911, the Commission outlines a 
proposition which it considers practicable but not necessary for delivering the sew- 
age of Greater New York to large storage reservoirs in the neighborhood of Barren 
Island; whence the sewage would be discharged on the outgoing tide through tunnels, 
4 in number, 18 feet in diameter, and leading to a point some 3 miles north of the 
Ambrose channel light vessel and about 5 miles southeast of Rockaway point. The 
investment cost is stated to be estimated as “not less than $140,600,000.” In this sum 
no reference is made to the annual cost of operation and maintenance, which would be 
a very substantial item, owing to the necessity of pumping. 

Such a method of disposal of the sewage of New York City would have a prece- 
dent in the practice at Boston. There, however, the amount of clean water available 
for the dilution of sewage along portions of the water front of the inner harbor was 
merely nominal as compared with that which is available in most of the open water- 
courses in and around New York City. 

I consider that it would be possible to apply this method, if it were needed, to ob- 
tain satisfactory results in New York. I have noted the reference of the Commission 
to the probable offensiveness of the sewage which would have passed through such a 
long length of tunnels as to bring about a state of decomposition that would make it far 
more offensive than fresh sewage. While this point is well taken, I consider that by 
means of aeration and the use of sterilizing agents properly applied, the decomposition 
of the sewage while in transit could probably be so arrested as to prevent serious of- 
fense resulting at the outfall, though not without incurring a material expense in so 
doing. 

But the principal point here to be noted is that there is no need whatever of going 
to the expense of adopting deep-sea disposal for all of the sewage of New York, with 
its burden for interest, sinking fund and operating expenses, based on your estimates, 
amounting to not less than about $1.50 per annum per capita. Suitable disposal for 
the New York problem can, as the Commission states, be secured for far less expense 
than this. 

It is also to be pointed out to the idealist who wants no vestige of impurity in the 
waters of New York harbor, that even the diversion of the entire dry-weather flow of 
the sewers of New York and a substantial portion of the storm flows thereof would not 
result at all times in a perfectly clear harbor water. This would be owing partly to 
the storm flows from the sewers, which at times would be far in excess of capacity of 
any tunnels which the city would be able to build; partly to the soil wash and swampy 
discoloration brought to the harbor by the Hudson river at times of flood; and partly 
perhaps to the sewage of cities whose disposal methods would be entirely beyond the 
control of the City of New York. 

While the clear water from the sea would be an attractive factor at certain times 
in the watercourses around New York, it is entirely impossible to secure it at all times. 
Judging by experiences of those who live on the muddy watercourses of our southern 
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and western rivers, the ordinary feeling is that it is not worthy of serious consideration 
to figure on doing anything more than to free the New York harbor waters of readily 
visible signs of their pollution by sewage wastes. 

In my judgment it is needless to discharge all the sewage of New York City into 
the ocean at a central point and it is perfectly safe for the officials of this city to drop 
the question for all time. 


UNDESIRABILITY OF APPLYING THE SEWAGE OF NEw YorRK City TO SEWAGE FARMS ON 
LONG ISLAND 


Since the earliest days of the water-carriage method of removing domestic wastes 
through underground channels there has been in nearly all large communities much 
discussion at intervals of the deplorable waste of the manurial value of the contents of 
city sewers. To those who do not take the trouble to look carefully into the matter this 
question will no doubt continue to be a vexation. 

Our sewage contains about one part of total organic matter in 5,000 parts of 
water. If the organic matter could be treated and made available as a fertilizer, with- 
out having to go to the expense of dealing with the water used for transporting the sew- 
age through the sewers in the city streets from the point of origin to the point of dis- 
posal, this question would assume entirely different proportions. 

The late Dr. Thomas M. Drown, formerly Chemist of the Massachusetts State 
Board of Health, and later President of Lehigh University, in discussing this question 
employed a very apt illustration. He said that several million dollars worth of gold 
exist in the soil upon which the city of Philadelphia is located. It is impracticable as 
a business proposition, and for all time to come will continue to be so, to extract this 
gold. So it is with the question of extracting the manurial constituents of sewage 
from the relatively enormous volumes of water with which they are mixed. 

In its Preliminary Report I, dated September, 1911, the Commission states that an 
area of about 175 square miles of land would be needed if disposal by sewage farming 
or broad irrigation were adopted, on the basis of 12,000 gallons of sewage per acre per 
24 hours, and that the tract of land nearest to New York of suitable elevation and 
proper quality of soil which can be found is in the stretch from Amityville to Quogue, 
a distance of some 50 miles from the city. The report further states that such a project 
would cost more than $153,000,000, of which about $140,000,000 would be for the col- 
lection and delivery of the city sewage to the sewage farms. While these estimates 
provide for a capacity sufficient to take care of the dry-weather sewage flow from a 
population of about 9 million people, estimated to be reached by New York City in 
1940, they do not provide for any reserve area, which, in my opinion, would be needed 
for receiving the sewage at times of prolonged rainfall, or for the purchase of a strip 
of land around the sewage farms so as to guard against complications, due to odors, 
from neighboring property owners. 

I have had occasion to look into the question of the use of sewage farms at various 
places both in the arid districts of America and elsewhere in this country, as well as 
in Europe. Where there is ordinarily an abundance of rainfall sewage farming on a 
large scale has not proven a sanitary success, owing to the difficulty during periods of 
heavy rainfall and while harvesting the crops of preventing the sewage from flowing to 
the nearest watercourse in an untreated condition. Complications have arisen not 
only with riparian owners along watercourses below sewage farms, but difficulties have 
also been encountered from odors arising from the decomposition of “pooled” sewage 
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that accumulates at certain seasons on clogged land that becomes “sewage sick,” even 
in instances where the soil was originally fairly porous. _ 

Sewage farming is prompted by one or both of two objects. One of these is to 
utilize the fertilizing value of the sewage and the other is to take advantage of the irri- 
gating properties of the water content of the sewage. 

Experience abundantly demonstrates that with the dilute sewage of America the 
cost under all ordinary circumstances of delivering sewage to suitable sites for sewage 
farming far exceeds the value to be derived from the sewage from its combined fer- 
tilizing and irrigating properties. . 

_ I looked into this question with some care a few years ago at El Paso, Texas, and 
found that it would cost more to deliver the sewage to suitable areas for a city sewage 
farm than would be the total cost of subjecting the sewage to purification in modern 
intensive treatment works located fairly close to the city. The absence of well-devel- 
oped practicable working sewage farms in the vicinity of any sizable American city, 
even in the arid regions, indicates that sewage farming carries a financial burden far 
beyond any possible benefits to be derived from the sewage itself. Citations need to be 
made only to the abandonment some ten years ago of the sewage farms at Los Angeles, 
Cal., in favor of disposal through an outfall sewer to the Pacific ocean, to a similar 
fate in the near future for the Pasadena sewage farms and to the absence during a 
period of more than 20 years of any successful utilization for irrigating purposes of the 
flow of the main outfall sewer of Denver, Col. 

Reference is frequently made to the sewage farming experiences of sizable cities of 
Europe, particularly Paris and Berlin. At the latter city conditions were unusually 
favorable as to character of soil, price of land secured many years ago and the low 
mean rainfall of some 25 inches, making the irrigating properties of the sewage of sub- 
stantial worth. Even under European conditions it is significant to note the substan- 
tial abandonment of the largest sewage farm in England, namely, at Birmingham; the 
adoption of sprinkling filters for large suburban areas around Paris and Berlin as 
noted by the large installations at Mount Mesley and Wilmersdorf, respectively. 
Iurthermore, the city of Paris itself, instead of increasing its sewage farms, is adopt- 
ing sprinkling filters, the first installation having been completed about a year ago. 

Even at Berlin, where conditions are probably the most favorable of any place, the 
total gross income exceeds but slightly the outgo for operation and maintenance, leay- 
ing but a nominal sum available for interest charges. 

A large sewage farm on Long Island could advantageously receive city sewage for 
a much smaller number of days in the year than is the case at Berlin. This means 
either that the sewage would be applied to the land in quantities and at times that 
would be prejudicial to the raising of crops, with the attending likelihood that over 
portions of the area it would accumulate, putrefy and give off offensive odors; or that 
it would be diverted to neighboring watercourses for days at a time; or that it would 
be necessary to provide immense storage reservoirs in which to retain the sewage for 
weeks and probably months at a time, as is the case at Berlin and at San Antonio, 
Tex., so as to use it only when the application would be either advantageous or permis- 
dite in the interests of crop raising. 

Taking into account the enormous expense involved, the aa Relia nitty of sewage 
farming compared with numerous other available methods of sewage treatment, I am 
convinced that there is absolutely no opportunity for sewage farming to become worthy 
of practical significance in solving the sewage problem for New York. 
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IMPRACTICABILITY OF A CENTRAL PLANT TO TREAT ALL THE SEWAGE OF NEW YORK CITY 
BY INTENSIVE PURIFICATION METHODS 


If New York were an inland city situated on a comparatively small stream so as to 


necessitate the use of treatment works to oxidize the soluble and non-settling organic 
constituents of its sewage, the present state of the art of sewage disposal clearly indi- 
cates that the most practicable method would be to apply settled sewage to sprinkling 
filters so as to oxidize the sewage sufficiently to make it non-putrescible. 


This is the method adopted at Birmingham, England; for the suburban areas 
around Paris and Berlin; at Baltimore, Md., Atlanta, Ga., Columbus, Ohio, and prac- 
tically every sizable city in America that has had occasion recently to figure seriously 
upon disposing of its organic wastes where the dilution method of dispersion in a rela- 
tively large watercourse was not available. 

In its Preliminary Report I, dated September, 1911, the Commission summarizes 
its studies indicating that it would cost approximately $141,000,000 for treatment 
works of the type above mentioned located on Barren Island of a size to take only 
the dry-weather flow of a population of 9 millions of people, estimated to reside in New 
York City in 1940, and does not recommend this solution of the problem. 

It may be that in the future some method may be developed through the use of oxi- 
dizing chemicals combined with aeration so as to be able to secure an equal effect at 
less expense than by the use of sprinkling filters. In my opinion it is useless to attempt 
to discuss such possibility of the future art of sewage disposal as applied to local prob- 
lems, partly on account of lack of information to suggest the nature of future develop- 
ments, but principally on account of the undesirability of adopting any method of 
central disposal for the sewage of New York City. In a word, I agree fully with the 
conclusions of the Commission that sprinkling filters at a central point for treating all 
of the sewage of New York City would involve an expense that is unjustifiable. 


As the years go by it is quite possible that in some districts special methods of 
oxidizing the sewage may be necessary in adequately taking care of the sewage of an 
increased population, but a central plant, in my judgment, is entirely out of the ques- 
tion during the next generation, and probably for all time. 

Sprinkling filters, while the cheapest method of securing a sewage effluent which 
will not putrefy, are liable to involve nuisances from the standpoint of odors. If the 
sewage could be kept in a fresh condition, as is the case at the five-year-old plant at 
Reading, Pa., odors would rarely if ever be noticed as much as 100 yards distant. On 
the other hand, at Columbus, Ohio, and Baltimore, Md., a zone surrounding the plant 
one-fourth mile in extent has been found at times to be insufficient to prevent odors 
from reaching residents living beyond that limit, owing to the advanced stage of de- 
composition to which the sewage has progressed before it reaches the sprinkling fil- 
ters. Contact beds, per cubic yard of filtering material, operate at rates about one- 
third as high as do sprinkling filters, but the likelihood of odors is much less. This is 
because with contact beds the sewage is not thrown into the air from nozzles in the 
form of spray, but is applied at the bottom of the filter beds and not allowed to come 
to view at the surface. 

Mention is made of these latter features having in mind that while a central filter 
plant will not be needed for the New York sewage, it may be found proper in certain 
areas to supplement the work of fine screens or settling basins previous to dispersion of 
the sewage in the neighboring watercourses. 
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SYNOPSIS OF PROGRAM ADOPTED BY THE COMMISSION 


Having considered and concurred in the conclusions of the Commission as to the 
great cost and lack of necessity of disposing of the sewage of New York City at any 
central plant regardless of type, I shall now proceed to state my views on the program 
laid down by the Commission for disposing of the sewage of the several natural drain- 
age divisions of Greater New York into which you have divided the area and for which 
you have proposed treatment methods depending upon various local conditions and 
factors. 

It is needless to repeat from your reports in great detail a description of these 
methods of treatment and the areas to which it is proposed to apply each method. But 
for the sake of explicitness I shall briefly sum up in tabular form some of the principal 
data, as they are set forth in your reports. 

The area, population, number of sewer outlets and the watercourses into which 
these outlets discharge are all of much interest to the reader of these reports, and I 
have endeavored to summarize your findings in this regard in Table XX. 


TABLE XX 
Ciry DIVISIONS AND DISCHARGE POINTS FOR SEWAGE 





Population. 
Proposed 
Sewer Outlets. 
Area Per Acre 
Division. Subdivision. in 1940 , 
Acres.| 919 | (Esti- 
ted). 1 - A 
mated) 1910 (Eet.) pe Discharge to 
Jamaica bay..|Brooklyn................ 19,900] 270,000 | 619,000) 14 32 1 {Outlet island. 
Gusena tt ns, 30,900] 81,000} 290,000] 3 9| 1. |Jamaica bay. 

Upper lias tihariem i 2. cuksae sane 12,100} 995,300 | 2,105,800} 81 | 173 1 {Hellgate at Wards Isl. 
Tiver and (at Hunts Point). 
Harlem..... Eastern Bronx............ 10,600} 30,300 73,600} 3 7 1 {Hell Gate at Wards Isl. 

and East River. 
Northwestern Queens...... 3,100} 10,000 28,500} 3 9 1 Hell Gat opposite Wards 
sland. 
Corona-Flushing.......... 16,800} 62,200 | 179,800} 4 11 1 et river at College 
oint. 
Northwestern Queens...... 5,900} 8,000 22,900} i+] 4 1 |East ¥£ river =F opposite 
Throg’s Neck. 
Richmond... .|Quarantine............... 817| 7,461 68,470! 9 84 1 |Narrows. 
Stapleton s: yds 1,714] 19,393] 132,255}11 | 77] 1 “ 
Livingstouescs te ctscc 4 ter 959} 11,433 88,575] 12 92 1 {Kill van Kull. 
West New Brighton....... 5,056] 17,491 286,220) 3 51 1 . 
EbnoPark®, cvcoy irene 632) 8,542 58,100} 13 92 1 . 
Lower Hudson,|Hudson................+- 5,600) 726,000 | 1,470,000|1380 | 263} ... |Hudson river. 
Lower East|/Manhattan, Lower E. side.| 1,737] 680,500* 393* Outlet island. 
river and|Brooklyn, northwestern....| 5,790) 732,313* 127* 
DSW sees Western Jamaica bay...... 19,000} 343,000* 18* 
* = 1915. 


A marked variation is found in the volume of water available for the absorption 
and digestion of sewage reaching the various sections of New York harbor. As a 
matter of convenience for reference I have copied in Table X XI the data given on page 
26 of the Preliminary Report VI of the Commission, dated February, 1913; and to this 
I have added a memorandum indicating roughly whether or not sewage deposits now 
pollute the main channel or shores of the respective watercourses or subdivisions of the 
harbor: 
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TABLE XXI 
VOLUME OF WATER IN MILLIONS oF CUBIC FEET 


Below Net Ebb pie dae of 
: : ottom. 
Division of the Harbor. pret Ay ene Beale 

Tide. Hours. Channel. | Shores. 
BN lay ie een sae a's 9 6 as ros a vie Peiminin a sd ase sin 285 148 15 | Polluted. | Polluted. 
Hudson river, Battery to Mt. St. Vincent............. 12,330 1,697 1,087 Clean. . 
Re DAU IIVET fe ta oie ey aioe Se kb ee a wale wwe v's Bs 5,512 1,869 ribs . J 
EY aR i sn ee icles Gosek 4 apsywe ego a2 Ox 4,174 552 100 - - 
aE ote ee Ma ae a 12,970 2,541 1,283 | Polluted. | Polluted. 
PR IN eios hohe Dalen eiah win oc rel Fin a oye. c'e s aaysin'ee 1,542 1,071 105 5 y 
We Ee ce oh cu sic cscccccevcctcsescecens 728 150 88 . : 


BREEN Mar ial ss 1G widin Si Agileis's a ve bss dead dawBade 2,029 1,977 Py Clean. Clean. 


American engineers for many years have been accustomed in their deliberations 
on problems for the disposal of sewage by dilution to note the available quantities of 
water expressed in terms of cubic feet per second per thousand population connected 
with the sewers. 

Without attempting to enter into the question of the accuracy either of available 
quantities of water or of estimates of future population, I give in Table XXII certain 
dilution factors deduced from the data of Tables XXI and XX. 

These computations show at once that the principal problems of sewage disposal 
relate to the Harlem river, the Lower East river and Jamaica bay, and not to any sub- 
stantial extent, for the next generation, to the Hudson river, Upper bay or Kill 
van Kull. 


TABLE XXII 
DILUTION FACTORS IN CUBIC FEET PER SECOND PER 1,000 POPULATION 


1910 1940 
Section. 
Tidal Prism. | Net Ebb Flow. | Tidal Prism. {| Net Ebb Flow. 
NE IRIETEVEE CoP OE eS schee cs bn « Beh RO 4.15 0.42 1.94 .20 
ENMU Se. o.oo 5 che. Sraiie, 6 © 915 b:m)0 ayes « 37.9 24.3 19.6 12.6 
MEPYePPECAOUITIVETS ..c.5. 0 Feces cclssaslencess’s 200 (Oca |p ear ae. G40Graen | nee Sth 
ee ee ee 6.19 1.09 3.85 .70 
PMR oo Glo cin oc wv vee wa use sues 110.0 55.6 62.8 31.6 
MPa May Cr. ose sleek ba de Ween ee 0 232.0 22.8 120.0 11.8 
A OLE ee a 67.0 39.5 24.1 14.2 
AMAA ere st oe es wissen n'ont 126-005 cre ees. BOSSE OU phn 2. te 


These figures of both tidal prism and net ebb flow dilutions are not of themselves a 
measure of the condition of the water or the quantity of sewage which can be digested. 
The net ebb flow is by no means all clean water. 

The effect of the tidal prism is to make the sewage received by the waters oscillate 
back and forth, the water containing the sewage becoming more polluted until it has 
reached the point where the outflow of sewage with the tidal water balances the sewage 
supply. Also the water reaching the lower sections, such as the bay, from water such 
as the Hudson river, is already polluted. On the other hand, reaeration of the harbor 
water is a helpful factor, affording a supply of oxygen to replace in part that absorbed 
through the digestion of sewage matters. 
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While dilution factors thus complicated by variability of quantity and quality of 
diluting water and by the uncertainty of the beneficial effects of reaeration are only a 
rough guide, these figures of this Table X XII, taken together with our knowledge of the 
pollution as given by the oxygen content in Table XIX, throw some light on the neces- 
sary purification for present and future increased sewage flow. 


EFFICIENCY OF METHODS OF SEWAGE TREATMENT 


As to the efficiency of various types of sewage treatment works, I have noticed the 
percentages of removal which it is assumed may be obtained as given on page 30 of your 
Preliminary Report VI, dated February, 1913. I believe these percentages of removal, 
as you have estimated them, are reasonable deductions from present data and can be 
obtained in practice in plants of reasonable cost. In fact, I note that the percentages 
which you have assumed for the various devices do not differ materially from the esti- 
mates I made in conjunction with Mr. Rudolph Hering in 1906 in a report on the Chi- 
cago Sanitary District for the International Waterways Commission, and which fig- 
ures I reproduced in my book on “Sewage Disposal,” 1912, page 741. 

In Table XXIII there are recorded comparative percentages of removal of sus- 
pended matter and organic matter, respectively, to be expected of the different treat- 
ment methods, as given by your Commission and myself: 


TABLE XXIII 











Suspended Matter. Organic Matter. 
Treatment Method. 

; Met. Com. G. W. F. Met. Com. G. W. F. 
Hereens HNE) eerecgee es ee ie re: 15 15 15 10 
Sedimentation y. case denice era cra 60 65 30 30 
Chemical precipitation................ 85 85 50 50 


Dprinkling filters, aaccuns sos verona as doe 90 85-90 70 65-70 





THE SIGNIFICANCE OF THE DIGESTION OF SEWAGE SLUDGE AND THE ABSORPTION OF DIs- 
SOLVED ATMOSPHERIC OXYGEN IN SLUDGE DECOMPOSITION 


In regard to percentages of removal of organic matter, the significance in a prac- 
tical way of the withdrawal of atmospheric oxygen from the overlying water as de- 
posits of sludge putrefy upon the bottom of watercourses has pressed itself forward for 
attention since most of the data were obtained for arriving at the conclusions em- 
bodied in Table XXIII. For instance, the removal of organic matter by sedimentation, 
given as 30 per cent., is probably a little high judged by the “atmospheric oxygen con- 
sumed” in tests of short duration when comparing the corresponding data obtained 
from settled and unsettled sewage. 

Notwithstanding the data obtained by Dr. Lederer, of Chicago, and Mr. Hoover, 
of Columbus, on atmospheric oxygen consumed, as given in my book on “Sewage Dis- 
posal,” 1912, page 421, I am inclined to think that substantially different results might 
have been obtained if the tests were continued for a longer period in the instance of the 
unsettled sewage; so that account might be taken of the deoxygenating effect of sus- 
pended particles which slowly respond to the effect of septicization and produce decom- 
position products of an unstable kind. Without doubt the larger particles of suspended 
organic matter contain relatively less putrescible matter that readily undergoes bac- 
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terial decomposition than is the case either with soluble or very finely divided sus- 
pended solids. But in practical sewage disposal problems, where the dilution method 
requires improvement, it is ordinarily found that there are some places within a stream 
where sludge deposits accumulate and gradually undergo decomposition with attending 
consumption of oxygen from the overlying waters. In particular must it be borne in 
mind that sludge deposits during the winter may remain relatively dormant and be- 
come active with the arrival of warm weather for the consumption of oxygen from the 
overlying water at times when there is least oxygen available. 

Thus the sludge deposited uniformly day by day on the river bottom will, during 
the cold weather, inactively accumulate; and with the advent of higher temperatures 
in summer the aggregate volume of sludge piled up will act in an intensified manner. 

I have no definite data at hand to indicate the effect of temperature upon the diges- 
tion of sewage sludge accumulated upon stream beds, but some insight may be obtained 
from the relative quantities of gas liberated from the sludge accumulations in a small 
septic tank studied at Worcester, Mass., some years ago, as follows: 


TABLE XXIV 


PERCENTAGE WHICH THE VOLUME OF GAS PRODUCED EACH MONTH IN SEPTIC TANKS IS 
OF THE ANNUAL 


SPITE otis cls ciate 4 » 30 ef ULL Ye os Aleta ls tb caeretey siete cepts 140 
MRI IAR tee AAR Che sian ic « 62 AU IUSE) tere mo oiteseetonl stan 167 
LO SSTTL peg ae Gre 48 Septem ber’ ios cs elste aie onan 170 
(GMS Me oa 51 OCCODEIY are vege ates se ae s 116 
2 OSS Ae eee a 100 November ...-c2ic- tac 115 
UTS SS aie ere 148 Decemberey es... cter eh 65 


In this connection reference is further made to my book, pages 65-71 and pages 
479-82, dealing especially with the comparative slowness with which solid organic mat- 
ters decompose as compared with dissolved organic matter, and it is suggested from the 
Lawrence data that gasification does not occur in sewage free of sludge. 

I have also noted in this connection the statements of Messrs. McGowan, Frye and 
Kershaw as given in Vol. II, Appendix to the Eighth Report of the Royal Commission 
on Sewage Disposal of Great Britain, page 130. After studying the rate at which 
atmospheric oxygen during the period of five days was absorbed by original and paper- 
filtered samples of sewage from 22 different places, the conclusion is drawn that— 

“We think it may be taken that sewage liquors and effluents generally, with 
their suspended solids, will take up about twice as much dissolved oxygen, in 
periods up to five days, as the liquid portion alone will do.” 

It is not necessarily to be deduced that the final or absolute oxygen consumption, 
however, will be in the same proportion. 

In the absence of detailed data on this question only a tentative opinion can be 
formed. But there is enough information at hand to indicate the need of much more 
study of these features than has been given hitherto. And in the meantime, I attach 
much weight to the possibility that the deoxygenating effect of sludge is materially 
greater than its proportionate amount of organic matter, and that the removal of 
sludge by sedimentation will effect an improvement more than proportionate to the 
weight of organic matter removed. 

Further consideration on the same line leads me to the thought that the removal 
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of sludge deposits by dredging may be of value. I understand that a study of methods 
and costs of such sludge removal has been made by the Commission. 


PROBABLE FUTURE OF VARIOUS SEWAGE TREATMENT METHODS 


You have asked my opinion on the probable future changes in sewage disposal pro- 
cedures. I shall discuss the various topics briefly in the light in which I now regard 
their probable future standing: 


Oxidation Methods 


These procedures are aimed essentially at the prevention of putrefaction of sew- 
age matters and hence deal particularly with soluble and colloidal constituents of 
sewage. ; 

Dilution. This is the prevailing method all over the world for securing the oxida- 
tion of soluble or non-settling sewage matters wherever there is ample water to bring 
about satisfactory results. . Without attempting to state precisely the digestive capacity 
of New York harbor, it is sufficient to say that for all time to come it will oxidize under 
suitable conditions the clarified sewage of many millions of people. Departures from 
this method will be required solely in areas where the sewage cannot readily be deliv- 
ered to bodies of water of sufficient volume. 

The dilution method has usually been applied in this country under improper 
conditions. Clean watercourses can be maintained with the dilution method and past 
shortcomings should not militate against the advantages and economies of utilizing 
the digestive capacity of the harbor waters. 

Filtration. Where sewage cannot be applied to diluting bodies of water on account 
of the distance from same and the expense of delivering the sewage, filters will un- 
doubtedly continue to serve a useful purpose. I believe the future will show no radical 
departures in the efficiency or cost of either sprinkling or contact filters. The ten- 
dency will be towards improvements in the design of certain details. I am clearly of 
the opinion that filtration has no future so far as relates to the main volume of New 
York sewage. 

For certain areas, particularly those now comparatively sparsely populated, I think 
that a number of filter plants installed and operated for a period of 10 to 20 years 
may in the end prove cheaper, even if then abandoned, than would be the case if at 
the outset the general plan should embody the execution of collection works for a cen- 
tral plant with several subdivisions. 

I look for improvements in the preliminary treatment of sewage to lessen mate- 
rially the odors sometimes attending sprinkling filters. For certain thickly populated 
districts I believe contact beds are entitled to careful consideration. 

The lessening of odors requires primarily the prevention of putrefactive conditions 
becoming established in the unfiltered sewage by aeration, oxidizing chemicals and 
probably to some extent the application of sewage so as to minimize the opportunity for 
wind action to transport sewage spray. 

Aeration. I look upon aeration as a promising means of guarding against putre- 
faction. If conditions arise where it is necessary to deal with sewage which has to 
some extent undergone putrefaction, I consider it possible that organic matter to a lim- 
mited extent may be reduced through oxidation by air. Except for limited quantities 
of unstable organic substances, aeration cannot be counted upon as an oxidizing agent 
in practice. It provides molecular oxygen, whereas the bulk of the organic matter of 
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sewage is oxidized only by the atomic oxygen of certain powerful oxidizing agents, or 
the slow oxidization effected through bacterial action. 

The function of aeration is essentially one of artificially prolonging the period of 
decomposition of sewage on an inoffensive aerobic basis. It may be that conditions will 
arise where the occasional application of air by artificial means will permit the dilution 
method to be employed, whereas without aeration or some similar treatment the dilu- 
tion method would present objectionable and offensive shortcomings. 

On the score of cost the aeration method for general use does not look promising ; 
and this is particularly true of the New York conditions where the sewage oscillates 
back and forth for a period of time that makes a demand on the atmospheric oxygen 
greater than is the case with many flowing inland streams. 

Oxidizing Chemicals. The cost of applying such chemicals as liquid chlorine and 
hypochlorite of lime or of soda is prohibitive on account of the relatively small amount 
of organic matter that is oxidized. The true function of such agents is the killing of 
bacteria, and within certain limits they are useful as a preservative for sewage to pre- 
vent decomposition rather than to effect complete ultimate oxidation of the non- 
settling organic matters. 

Electrolytic Treatment. A good deal is claimed from time to time for the econom- 
ical advantages derived from the application of electricity in various types of elec- 
trolytic cells in oxidizing the organic matters of sewage. In particular is this claimed 
where the current may be applied to sea water. While improvements in this direction 
may be possible, I do not believe that they are promising enough to warrant considera- 
tion of electrolytic treatment as a substitute for the dilution method. 

The electrolytic production of chemicals to precipitate certain colloidal and other 
non-settling organic matters may prove desirable in the future and worthy of adoption 
under some conditions. This method would be used, however, in conjunction with 
settling tanks, and could be employed supplementary to such tanks without requiring 
material changes in the design of tanks built for plain sedimentation alone. 


Clarification 


The purpose of clarification devices is to prevent unsightly sewage solids appearing 
in the diluting water, or the formation of sludge banks in watercourses. 

Fine Screens. Fine screens afford the cheapest way of removing visible objects 
of sewage origin from the waters receiving sewage where such screening treatment 
alone is sufficient for obtaining satisfactory results. Under conditions where the limit 
is at times reached in the amount of clarified sewage which a watercourse will oxidize 
satisfactorily, settling tanks as a general rule are cheaper to install than screens, be- 
cause for a given cost they will remove a greater quantity of organic matter. Where 
screens will suffice for a term of years, say ten or more, it is quite possible that it will 
prove economical to install screens first, to be followed later by settling basins as oc- 
casion demands. 

American experience with fine screens is quite limited and not altogether satis- 
factory, owing to the devices requiring much attention and repair. This has meant 
not only expense, but also serious interruptions in continuity of service. 

Screens are employed to much better advantage in Europe, particularly in Ger- 
many. At Dresden, Frankfort and Hamburg experiences demonstrate on a large scale 
that it is feasible to operate moving plate screens with an opening as small as 0.04 inch. 
At present the so-called Reinsch type of screen, as installed at Dresden, seems to be 
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most popular. It is of the disc type with slots about 0.085 inch wide and 1.25 inches 
long. 

As fine screens come into service in America I look for marked improvements in 
continuity of service and freedom from expensive repair costs. I do not believe their 
efficiency will be any greater than that indicated by European evidence unless it should 
result from applying to screens sewages which are fresher and less comminuted than 
has been the case at Dresden, Frankfort and Hamburg. 

Settling Tanks. Sedimentation for a two-hour period at the average rate of sew- 
age flow will give as good results as it is prudent to obtain from sedimentation. For 
local conditions I favor single-story tanks with hopper bottoms, as it is undesirable to 
septicize the sludge at its point of origin. 

The construction of settling tanks along the New York water front presents some 
difficulties on account of the high cost of ground, complications from salt water back- 
ing into the sewers at high tide and the necessity of caring for storm flows. I believe 
these difficulties can be overcome by careful engineering study. 

Fine Screens vs. Settling Tanks. My views have been already indicated in the fore- 
going paragraphs. But as the question has much significance here in New York, I will 
state that, in my opinion, screens are preferable to settling tanks only where it is de- 
sirable or necessary to remove only relatively large sewage matters in suspension. 
Where settling solids would form deposits in the watercourses if screening alone were 
adopted, to install settling tanks will prove wiser than to install fine screens. Avail- 
able data in this country are now too meager to allow fine lines to be drawn in this 
comparison. For problems of this magnitude special study should be given before con- 
struction, not only of the relative merits of the two systems as a whole, but also of the 
local conditions at each main sewer outlet or groups of outlets which can be conve- 
niently united. Both screening plants and settling plants can be operated for treat- 
ing fresh sewage without creating any nuisance. 

Chemical Precipitation. The use of coagulating chemicals has been known for 
50 years as a helpful adjunct in removing particles of suspended matter which are 
so fine that they will not subside in ordinary settling tanks. The expense of the added 
chemicals and the large increase in the volume of the resulting sludge is such that as 
a general proposition chemical precipitation is not worth while. 

There may be exceptional conditions where plain sedimentation might be at times 
inadequate preparatory to the discharge of sewage into some arms of the harbor, and 
further purification then resulting from the application of chemicals might be wise. 


Sludge Disposal 


In the clarification of sewage there results in all cases a substantial quantity of 
solid matters more or less mixed with water and ordinarily spoken of as “sludge.” Ex- 
perience at other large seaport towns employing sewage treatment works, such as Lon- 
don, Glasgow, Manchester and Salford, demonstrates conclusively that the barging of 
sludge to the open sea is the cheapest way of disposing of the sludgé without nuisance. 

As above stated, I do not favor septicization of the sludge along the water front in 
the thickly inhabited districts of New York. In this respect I agree with the Com- 
mission. 

Cases may arise in isolated areas removed from the water front where barging to 
sea will not be desirable. In such cases I advise the consideration of two-story tanks of 
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the Imhoff type, with the drying of the sludge on drying beds so that the residue can be 
carted off readily. 

Use for Fertilizer. For more than 50 years efforts have been made to employ 
sewage sludge economically as a fertilizer. Rarely if ever has the result been a com- 
mercial success when operations were conducted on a large scale. I do not look for 
any substantial change in the future, although sewage sludge may perhaps be employed 
as a “filler” for fertilizers. In such event it is safe to assume that the users of the ma- 
terial coming from settling tanks would be willing to prepare it for their processes, 
and if this is so it would simply mean that New York would be relieved of operating 
barges to sea up to the limits to which sludge is diverted to fertilizer purposes. While 
some slight saving in the operation of barges may be accomplished I do not look for 
any substantial compensation to the city from fertilizer manufacturers who might use 
the sludge as filler. 


Incineration. I am aware that at Frankfort, Germany, sewage sludge is freed of 
water by centrifuging and the application of heat in revolving drums, so that the dried 
sludge may be burnt with other city refuse in an adjoining municipal incineration 
plant. While this procedure may have a future for inland cities, the expense will never 
be reduced to a point where this method will displace barging to sea for the sludge of a 
large seaport town. 

Destructive Distillation. In a small way there are some data available as to the 
production of combustible gases and coke by the dry distillation of sludge. The cost of 
removing the water is so great that the future will never see this treatment become 
commercially feasible. 

Sterilization. With the existing system of combined sewers, without any possibil- 
ity or necessity of making the harbor waters of a “drinking water” standard of purity, 
sterilization for the great bulk of the New York sewage need never be seriously consid- 
ered. 

For some of the outlying areas where there are shell-fish layings or bathing beaches 
I anticipate a resort to sterilization. 


Miscellaneous Procedures 


From time to time attention is attracted by claims for unusual efficiency or econ- 
omy or both, resulting from the employment of special types of strainers or other clari- 
fying agents, or the use of oxidizing procedures resulting from the use of new chemicals 
or of new applications of electricity. 

Presumably such claims will be heard from at intervals in the future, and it may 
be that some of them will produce more effect for a given cost than could now be at- 
tained. 

I do not believe, however, that the business aspects of the New York problem will 
ever be materially modified by improvements in methods or devices which may become 
available. 

As time advances a clearer understanding will be obtained as to just what is needed 
in certain of the subdivisions and the progressive installation of any project as large as 
the New York sewage disposal problem will give opportunity to adopt in the designs 
the current improvements which, as above stated, will in all probability relate to minor 
details rather than to underlying principles. 
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CONCLUSIONS AS TO PROGRAM BEING CONSIDERED BY THE COMMISSION 


I have carefully considered the program now recommended by the Commission as 
it is in a general way published. Speaking generally, I agree with the Commission as 
to the conclusions arrived at for those portions of the harbor where there is an abun- 
dance of water for disposing of clarified sewage by dispersion with adequate quantities 
of water. I disagree, however, with the proposal of the Commission for the Lower 
East river and Western Jamaica bay divisions to divert the sewage to the proposed 
“Outfall island” some three miles south of Coney Island. I will briefly outline my 
conclusions upon these two separate groups of procedures. 


A. Agreement on Clarification Program 


1. I agree with the Commission that the state of the art of sewage disposal is now 
such as to warrant the adoption of a definite policy for that portion of the main drain- 
age of the city that is tributary to watercourses containing ample water for dispersion 
of clarified sewage. By this is meant, of course, the territory having sewer outlets dis- 
charging particularly into the Hudson river, the Upper bay, the portion of the East 
river above Hell Gate, and some portions of the Jamaica bay district. 

2. Local factors should determine what form of clarification means should be used. 
Where screens alone are sufficient no other means need be considered. Where a greater 
degree of purification is desirable I am inclined to favor simple sedimentation with the 
elimination of screening. 

A close decision of the relative merits of these two clarifying processes is not now 
called for; it is a matter of careful engineering detail, properly to adapt, in each case, 
the means used to the conditions of use and the end to be attained. 

3. Such local clarification plants can be operated on the banks of the Hudson river, 
or wherever else installed, without offense to the inhabitants of the neighborhood. 

4. I am in accord with the Commission’s proposal to disperse the clarified sewage 
in deep water through submerged outlets, where such dispersal is shown to be necessary. 

5. I agree with the Commission that it is proper to consider that the sludge and 
screenings from the clarification plants can be most advantageously disposed of by 
barging to sea. T'wo-story tanks of the Imhoff type as compared with single-story 
tanks of the so-called Dortmund type are not justifiable on the ground of cost and for 
the further reason that fresh sludge frequently removed could be more advantageously 
disposed of at sea than would septicized sludge. 

6. As a practical business procedure, I attach importance to the fact that these 
clarification works can be installed progressively as funds are made available, and 
would naturally be commenced at points where pollution is greatest. 


B. Opinion as to Outlet Island 


7. I agree with the Commission that the sewage of the Lower East river district 
could be satisfactorily disposed of by diversion to a proposed island some three miles 
south of Coney Island and about one-third of a mile north of Ambrose channel. Such 
a project as described in Preliminary Report VI is estimated by the Commission to cost 
in round numbers some $22,000,000, of which about one-sixth is estimated to be owing 
to provisions made for the sewage from a portion of the Jamaica bay division. A tun- 
nel some 12 miles in length beyond the Wallabout pumping station would require a 
period of transit such as to make it highly important to aerate and sterilize the sewage 
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so that it will not have undergone decomposition to a point of producing offensive odors 
by the time it has traveled to “Outfall island.” From the information given as to the 
mixing of the sewage with the sea water, owing to the action of the breakers in the 
relatively shallow water, I do not anticipate that clarified sewage would produce de- 
posits or in any other way produce a nuisance. 

I do not consider such a site suitable for sprinkling filters, but it is my conclusion, 
as it is that of the Commission, that such will never be necessary for the sewage of the 
Lower East river district. 

8. While agreeing as to the general feasibility of the “Outlet island project” for 
the disposal of the sewage of the Lower East river district, I do not agree on the neces- 
sity of going to so great an expense in treating the sewage from the area in question. 

9. I am of the opinion that the Commission’s standard of residual dissolved 
oxygen is unreasonably severe; a residual quantity of 1.5 cubic centimeters per Liter, 
one-half of the amount of your standard, is safe for adoption under proper conditions. 
Such proper conditions are that sewage sludge shall not be allowed to accumulate to 
such an extent as to become a serious factor in absorbing oxygen from the water. 

Appended to my report is a memorandum explaining in more detail my views on 
the question of residual oxygen. 

10. My preliminary studies indicate to me that the investment cost of the “Out- 
let island” project for the Lower East river, as estimated by the Commission in its Pre- 
liminary Report VI is about four times as high as sedimentation plants for the same 
district. The annual charge, fixed and operating, will be for the “Outlet island” project 
about twice as high as for sedimentation plants. 

11. Unquestionably the Lower Hast river is able to digest the sewage from a large 
population without being objectionably affected, and I am of the opinion that the East 
river will absorb the clarified sewage from the populations actually tributary to it * 
for a great many years to come. While the improvement effected by entirely removing 
the sewage is materially greater than that effected by sedimentation plants, the lat- 
ter will, on the standard which I consider ample, serve all required ends. They will, 
too, accomplish at least as much improvement for each dollar expended as would the 
distant disposal method. 


12. These Hast river clarification plants can be expected to be unobjectionable to 
public sentiment, as well as the plants on the Hudson river and elsewhere. 

13. If at some future time it should prove desirable to divert some of the sewage 
from areas naturally tributary to the Lower East river to some point such as the pro- 
posed Outlet island, such partial diversion can then be more economically effected than 
an immediate removal of the Lower East river drainage as a whole. 

Very truly yours, 
OcTOBER 15, 1913. GEORGE W. FULLER. 


APPENDIX TO MR. F'ULLER’S REPORT 


MEMORANDUM OF VIEWS IN OPPOSITION TO THE PROPOSED STANDARD OF A MINIMUM DIS- 
SOLVED OXYGEN CONTENT OF THREE CUBIC CENTIMETERS PER LITER OF NEW YORK 
HARBOR WATER 


Having already stated my conclusion that a proper general residual dissolved oxy- 
gen content of the New York harbor waters can be safely placed as low as one-half of 
that proposed by the Commission, I shall now proceed to outline briefly some of the 
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evidence which leads me to conclude that 1.5 cubic centimeters per liter, equal roughly 
to 2.1 parts per million, or roughly 30 per cent. of saturation for New York harbor 
water in summer, is a sufficient residual quantity. 

As already intimated in this report, consideration of the requirements of fish life 
and lack of data as to the significance of putrefying sludge deposits have led to conclu- 
sions that are not safe deductions from the information available. 

Messrs. Black and Phelps in their report to the Board of Estimate and Apportion- 
ment, March, 1911, proposed a standard of 70 per cent. residual dissolved oxygen for 
the New York harbor waters and stated this limit to be needed for major fish life. 
They stated further that some forms of fish life can exist with a dissolved oxygen con- 
tent of 30 per cent. of that required for saturation and expressed the view that 50 per 
cent. is a limit below which a stream may become turbid and noisome and that below 30 
per cent. the stream constitutes a nuisance. 

I have noted that the Commission has obtained the views of some ten or more 
sanitary experts with respect to the dissolved oxygen standard, and as stated in the 
published reports of the Commission all but two or three of these experts have expressed 
their acquiescence in the minimum limit of 50 per cent. saturation or more. The re- 
maining experts expressed no opinion upon the matter, so that your advisers up to 
this time have in no instance advocated a residual percentage of less than 50 per cent. 
of saturation. 

Those familiar with bio-chemical activities will agree that theoretically no objec- 
tionable offensive products of decomposition can arise in sewage-polluted waters so 
long as some oxygen exists at all times and in all places in the water and upon the 
bottom and sides of its container. So much for theory. ; 

In practice it is found that a margin of safety must be provided. Some particles 
of suspended matter of sewage origin obviously must be present in all sewage-polluted 
waters (and frequently on stream beds) and that within the interior and upon the sides 
of these suspended particles it must be recognized that there are present bacteria com- 
ing from the abdominal tract of those voiding fecal particles and are likely to continue 
to live on an anaerobic basis. In particular is this true of organisms within the in- 
terior of colloidal or suspended particles, notwithstanding that the exterior surfaces of 
such particles are surrounded with water containing dissolved oxygen. 


Laboratory experiments show in the course of the so-called incubation or putresci- 
bility tests that samples of polluted liquid may turn black and even give off offensive 
odors while there is still present a measurable quantity of dissolved oxygen. As sus- 
pended particles of organic fecal matters (or sludge deposits) undergo bacterial de- 
composition, they may release products in a soluble or gaseous form which rise to 
the surface of the overlying water, produce objectionable odors, discolor the water, 
bringing about these results in the presence of dissolved oxygen. 


In small single-story septic tanks it is possible to find the effluent of such tanks con- 
taining a high content of dissolved oxygen and at the same time the putrefying sludge 
deposits give off offensive odors and behave in other ways fairly indicative of septici- 
zation. Compare the data in my book on “Sewage Disposal,” page 493. 

Settling tanks receiving the effluent of sprinkling filters or contact beds likewise 
may contain a high dissolved oxygen content as the settled effluent is analyzed, but at 
the same time rapid gasification may be taking place in the deposited sludge upon the 
floor of the settling basin to an extent that causes gas-lifted particles to appear with 
the effluent as the latter leaves the outlet of the tank. 
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In many watercourses there is to be noted in either fresh or salt water a black dis- 
colored appearance and the production of more or less offensive odor, even where the 
overlying water contains a substantial quantity of atmospheric oxygen. 

The question then becomes, “What is the margin of safety that it is wise to em- 
ploy?” 

I assume that a substantial portion of the sludge will be removed from the sew- 
age that in the future will enter the harbor waters; also that by dredging and by the 
exhaustion through bacterial action the organic contents of sludge now found in the 
harbor and the adjacent watercourses will be materially reduced. 

There are some instances where practical observations show on a large scale the 
relation between dissolved oxygen and the presence or absence of offensive putrefac- 
tive conditions. It is such data as these that I consider are the most trustworthy guide 
to what should be used as a working standard under New York harbor conditions. 

It is the experiences of the Lower Thames river in the general vicinity of the outlets 
of the London sewers which for 30 years have afforded the most comprehensive data in 
regard to a criterion for residual dissolved oxygen content. 

Prior to the commencement of the operation of the Barking creek chemical precip- 
itation plant at the northern London outfall in 1889 and of the corresponding plant at 
Crossness at the southern outfall in 1891, seriously offensive odors arose, especially 
during the summer. So bad were these conditions that during the period of construc- 
tion in the late eighties it became necessary at times to employ hypochlorite of lime 
and permanganate of soda and other chemicals as deodorants. . 

For more than 20 years reasonably satisfactory results in the Lower Thames have 
been obtained as a result solely of the removal of some of the suspended organic mat- 
ter by chemical precipitation. The bed of the river was thus relieved from the forma- 
tion of new “mud banks” or sludge deposits, while the old mud banks gradually became 
inert or were removed by dredging or by scouring velocities at times of flood flows. 

The two principal technical advisers in the adoption of the chemical precipitation 
works for London were Mr. W. J. Dibden and the late Dr. A. Dupre. The latter stated 
his views on page 88 of Vol. CX XIX of the Proceedings of the Institution of Civil 
Engineers of Great Britain, as follows: 

“In his experience the amount of oxygen which remained in the river formed 
the best means of judging the action of the river. If the river was pure, it was 
fully aerated; if it became foul, the fouler it was the less the amount of aeration, 
and it was most extraordinary how by means of the oxygen, every foul stream 
that came into it could be found. When Mr. Dibden and he were at Erith they 
could, after the first day, find out the hour of the tide by means of the oxygen 
dissolved in the water, and could find out the sewage stream from Barking by 
means of the analyses of oxygen absorbed even before the eye noticed it. The 
oxygen absorbed allowed them, so to speak, to feel the pulse of the river; as 
long as the oxygen remained about 25 per cent. or 30 per cent. of the possible 
total there was no fear of any harm.” 

Mr. Dibden in same publication from which I quote as above from Dr. Dupre, 
states very clearly on pages 47 and 53 his belief in the adequacy of the chemical precip- 
itation plants in freeing the river Thames from pollution. 

In the third edition of Mr. Dibden’s book on “The Purification of Sewage and 
Water,” published in 1903, the oxygen content as related to the London problem is dis- 
cussed at some length on pages 218-20 and on pages 297-300. Here his opinion is 
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made plain that fish life would be in no way interfered with provided the degree of 
aeration at no time fell below 50 per cent. of that required to saturate the water. While 
he refers to the need of further experiences, he states that no evil results need be ap- 
prehended if the degree of aeration does not fall below 50 per cent., but he does not in 
any way state a safe minimum from the standpoint of nuisance only. Reference is 
made to the fish question in terms indicating the belief that there is very little chance 
of fish thriving in the water when the percentage of aeration falls below 50 per cent., 
and that when it falls below 30 per cent. it is certain that no fish can live. His view- 
point seems to depend wholly on the question of what is the oxygen content necessary 
to support fish life and if additional purification were necessary the feasibility of se- 
curing that end in the Lower Thames by adopting a final purification for the chemically 
precipitated London sewage by coke beds operated on a contact basis as devised by Mr. 
Dibden himself at the testing plant at Barking creek. 

Prof. 'rank Clowes, the successor of Mr. Dibden as chemist of the London County 
Council, is more explicit in his views, which are in substantial conformity with those 
of Dr. Dupre as noted in the testimony of Prof. Clowes given in July, 1903, before 
the Royal Commission on Sewage Disposal, Fourth Report, Vol. II, Minutes of Evi- 
dence, page 113. Asked in question 18,723 whether the almost entire removal of dis- 
solved oxygen from the Lower Thames water brings about actual nuisance, his reply 
was as follows: 

“T should say that the aeration of the river water would be at its minimum 
in the immediate neighborhood of the outfalls; for some miles above or below 
this the average aeration would be something like 20 or 30 per cent. At times_ 
it falls to 5 per cent. of the possible, and it is then geeting very near the limit 
where the oxygen would disappear. When once the dissolved oxygen disappears 
the change of the organic substances in the river water may become an offensive 
one, especially in hot weather. It is of a different character in the absence of 
oxygen and causes offense. This has occurred in the summer in the neighbor- 
hood of Woolwich and Greenwich. There was an offensive smell from the river, 
which, if it had continued, would have caused us to take special remedial steps.” 

Later in the same testimony, question 18,733, Prof. Clowes states, in answer to 
a question asking as to the creation practically of a nuisance, that: 

“This occurs very exceptionally indeed. I have only had one case in my 
own experience.” 

In October, 1912, Sir Maurice Fitzmaurice, then Chief Engineer of the London 
County Council, in a special report on the Main Drainage of London, has reviewed 
an earlier report of his, dated May, 1909, in which with respect to the condition of the 
Lower Thames he states: 

“The conclusions which I came to in the report to the Main Drainage Com- 
mittee in December, 1909, in my opinion still (October, 1912) hold good, namely, 
the state of the river is at the present time not such as to necessitate the imme- 
diate further purification of London sewage, and I do not think it will necessi- 
tate it for some years to come.” 

Sir Maurice Fitzmaurice continues his report by referring to special experiences 
obtained from May to August, inclusive, 1911, when the application of lime and iron 
was omitted at the northern outfall at Barking. During this whole period 

“no complaint was received as regards the condition of the Thames, notwith- 
standing that the summer of 1911 was exceptionally hot and the amount of river 
water coming down was exceptionally small.” 
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These experiments were repeated June to August, 1912, with corroborative results. 
He recommends that at one of the outfalls operations should be conducted for one year 
completely without chemicals, which might result in a somewhat less complete precip- 
itation of the suspended organic matters in the raw sewage. 

As the London problem has a number of features in common with the one at New 
York, and in view of the long-continued studies made of the Lower Thames conditions, 
they are of more significance than many other available data secured at Berlin, Ham- 
burg, Chicago, Columbus and Lawrence, because, as in the case of New York harbor, 
they deal with tidal estuary waters which contain a substantial proportion of salt and 
other constituents entering on the incoming tides from the ocean. 

Mention is made of the admixture of sea water at this time because of the fact that 
where anaerobic decomposition takes place in certain small portions of a volume of 
sewage-polluted sea water, sulphides and sulphureted hydrogen may form through re- 
ducing action taking place upon the sulphate of lime with a consequent production of 
foul odors, and reducing the dissolved oxygen content in a water which on an average 
might show initially a higher percentage saturation than a similarly polluted land 
water. . 

Indeed, if this were a question dealing with the capacity of land water to digest 
sewage, I should feel disposed towards reducing your proposed standard of 3 cubic 
centimeters per liter to 1 cubic centimeter per liter. The latter figure is too low to — 
allow of fish life to thrive. Notwithstanding, it is my opinion that a loss of fishing 
grounds in parts of the harbor which otherwise are kept reasonably clean, both of sus- 
pended matter and sewage deposits, is justifiable if such means the saving of many mil- 
lions of dollars. 

I am also aware of the limited evidence available on the amount of oxygen neces- 
sary to support salt water fish and that it is not a fair inference to conclude that the 
oxygen necessary for satisfactory maintenance of fish life for certain land water 
streams is a criterion for tidal estuaries containing a substantial quantity of sea water. 

While dissolved oxygen figures of land waters may indicate conditions differing 
from those obtaining where the same dissolved oxygen content appears in sea water, 
still such observations must be given due weight. 

In the Royal Commission on Sewage Disposal, Eighth Report, Vol. II, Appendix, 
page 111, I note the statement to the effect that a fishy smell usually accompanies a con- 
dition of deoxygenation equal to a reduction to 3 cubic centimeters of oxygen per liter, 
which can only obtain in a slow-flowing stream which is polluted with a considerable 
quantity of effluent or a lesser quantity of sewage. A study of the tabulated field obser- 
vations, which are presumably the basis of this conclusion, pages 1-15, shows that 
there is no such condition of fishy smell recorded. Possibly bottled samples tested at 
the laboratory did show this smell. 

In this same volume, page 135, I note a summary of 155 tests for dissolved oxy- 
gen in river water classed from “very clean” to “bad.” The figures thus summarized 
do not indicate a more consistent relation between the oxygen content and the water 
condition as to nuisance than the tables of observations given earlier in this volume, 
pages 1-51. The range from minimum to average is so wide that it is quite possible 
that the observations of conditions are based on figures not recorded. Besides, no ac- 
count is taken of the effect of putrefying sludge deposits, which may be exerting a 
more objectionable influence than the dissolved oxygen content. 

On the other hand, many important observations have been made at Chicago, 
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Columbus, Lawrence, Berlin, Hamburg and other places, showing satisfactory river 
water conditions to be fully consistent with very low dissolved oxygen content. 

I wish finally to emphasize strongly the lessons to be read from the London experi- 
ences with the Lower Thames. There, starting some 25 years ago with a noisome river, 
with oxygen often exhausted during the summer, and with much of the bottom and 
banks covered with foul sludge deposits, the installation of simple sedimentation 
methods, aided by a very moderate addition of chemicals, has for 25 years served the 
purpose and is still sufficient. In spite of the large increase of tributary population 
during this period and the corresponding increase of organic sewage content, the 
sludge banks are reduced and the river improved to a satisfactory condition; and this 
with an oxygen content far below the standard of 3 cubic centimeters per liter the 
Commission has suggested for the waters of New York harbor. 


CORRESPONDENCE CONTAINING MR. FULLER’S ENDORSEMENT OF THE COMMISSION’S RECOM- 
MENDATION FOR THE GRADUAL CONSTRUCTION OF THE LOWER EAST RIVER PROJECT 


March 16, 1914. 
GEORGE W. FULLER, EsqQ., 
170 Broadway, New York City. 

Dear Sir: Since your report of October, 1913, was submitted, some of the opinions 
and projects relating to sewage disposal, upon which that report was based have been 
so altered in preparation for this Commission’s final report that it seems desirable to 
bring the changes to your attention and to ask your opinion in regard to them. 

The changes made affect the minimum percentage of dissolved oxygen permissible - 
for the water and the Commission’s plan for the protection of the Lower East river. 
These are the only two subjects upon which you were not in substantial accord with 
the Commission’s views when your report was made. 

With respect to the oxygen question, this Commission considers that it. will not 
be necessary to include a restriction as to oxygen in the standard of cleanness which 
should be established as a guide in protecting the harbor against sewage, for if the 
other provisions of the standard are complied with, there will, in the opinion of the 
Commission, be sufficient oxygen in the water to answer the requirements. 

With respect to the plan for the Lower East river, the Commission expects to 
recommend that the same principle of gradual construction be adopted in building the 
main drainage and disposal works which will be necessary for the Lower East river as 
the Commission has advised in the projects which it has proposed for other parts of 
the city. Instead of carrying out the ocean island project with its interceptors, siphon, 
pumping station, main, island and settling basin disposal plant as one undertaking, 
only the first stages in the execution of this comprehensive plan would be undertaken 
in the near future.. 

The works to be taken in hand at first would be, for Manhattan, an intercepting 
sewer running along the Manhattan water front from the Battery at the south and 
26th St. at the north to a point near Broome St., where a screening and pumping 
station would be located. The screens would operate upon the most efficient principle 
for fine screens. The sewage, after screening, would be discharged well out from shore 
at the bottom of the river through multiple outlets. 

On the Brooklyn side, the sewage would be collected by an interceptor from Clas- 
son Ave. at the south to Newtown Creek at the north to a point near South 8th St., 
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where it would be passed through screens like those on the Manhattan side of the river 
and pumped through submerged outfalls lying on the river bottom to a distance suffi- 
ciently far from shore to insure immediate and thorough diffusion. 

The sewage from the rest of the Lower East river territory in Manhattan and 
Brooklyn would be collected for screening and discharge probably to as many points 
as there were subdivisions or principal drainage areas. When, after these works are 
carried out, it is found necessary or desirable to afford further protection to the Lower 
East river, the city can proceed to construct the siphon to carry the sewage of Lower 
Manhattan beneath the East river to the Brooklyn shore, where, after joining the sew- 
age from the screening plant at South 8th St., it would be pumped to sea. 

In the final development of this plan, it will be necessary to construct the pumping 
station on the Brooklyn side, the main to the ocean outlet and the island, where the 
sewage will be treated before final disposition. No part of the original construction 
will have to be discarded except the submerged outfalls. 

The Commission believes that the idea of proceeding in the manner indicated to- 
ward the gradual and ultimate construction of the ocean island project may meet with 
your approval, inasmuch as you consider that it will not be necessary to divert a large 
amount of sewage from the Lower East river and that screening and discharging the 
sewage beneath the deep, strong currents of the East river will permanently meet the 
requirements of the situation. The Commission is of opinion that the ocean island 
project will be recognized as a necessity before many years and is willing to leave the 
correctness of its opinion or of your judgment to be determined by experience. 

If it never becomes necessary to build the siphon between Manhattan and Brook- 
lyn and carry the sewage to a distant point for disposal, the stage of construction 
which the Commission is now preparing to recommend and which it is hoped you will 
approve of can be left as the completed work. 

Very sincerely, 
(Signed) GEORGE A. Soper, 
President. 


March 17, 1914. 


Dr. GrorGE A. SOPER, PRESIDENT, 
Metropolitan Sewerage Commission, 
17 Battery Place, New York City. 
’ Dear Sir: I beg to acknowledge receipt of your letter of March 16th. 

I understand that your studies of the past few months have led you to make certain 
changes in your program for the protection of the Lower East river, and that the 
recommendations that you now propose to make are: 

1. That the minimum percentage of dissolved oxygen in the harbor water as one 
of the specifications of the standard of cleanliness be eliminated. 

2. That instead of building the proposed outlet island in the Atlantic ocean in the 
immediate future, you would have the sewage naturally tributary to the Lower East 
river collected at certain selected points and there subject it to fine screening and dis- 
charge it through submerged outfalls at suitable points in the river bottom. 

3. That present construction be adapted to use in connection with the outlet 
island project, but with the need for the use of the latter project to be investigated 
and determined after the completion of the works now recommended. 
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4, That further construction beyond that stated in Paragraph 2 be deferred until 
the need is determined. 
I fully agree that these recommendations are proper ones. 
Yours respectfully, 
(Signed ) GEORGE W. FULLER. 


SECTION IV 
REPORT OF RUDOLPH HERING, C. E., Sc. D. 


METROPOLITAN SEWERAGE COMMISSION OF NEW YORK, 
Dr. Gro. A. SOPER, PRESIDENT, NEW YorK CITY. 

GENTLEMEN: On July 22, 1918, Dr. Geo. A. Soper, President, Metropolitan Sew- 
erage Commission, addressed a letter to me, from which I quote as follows: 

“T am authorized to request you to make a report on the work of the Metro- 
politan Sewerage Commission of New York. The ground to be covered is the 
necessity and sufficiency of the plans which the Commission has proposed for 
the disposal of New York’s sewage. It is expected that your study will include 
an examination of this Commission’s reports, and other data, and a considera- 
tion of the principles upon which the plans are being prepared. 

“Facilities will be afforded you to become familiar with the conditions which 
exist and which may reasonably be expected in the future, and to understand the 
opinions and policies which have guided the Metropolitan Sewerage Commis- 
sion throughout its work.” | 

In accordance with this request I respectfully present the following report: 

The Commission has collected during the last few years a vast amount of informa- 
tion, consisting partly of facts obtained by original observations, investigations and 
compilations, and partly of opinions and experiences obtained from a large number of 
experts, familiar with the different phases of the problem. 

This information forms a storehouse of facts and opinions pertaining to the 
largest and most complex sewage disposal problem which has yet required a solution. 

The Commission has based upon this extensive information general plans for the re- 
moval of the present pollution of the harbor and for the disposal of the sewage of the 
Metropolis extending into a distant future. 

I have read your comprehensive reports, have examined some voluminous matter 
not printed, maps, tables, specimens collected, am familiar with the general conditions 
as a long-time resident of the Metropolis, and have recently reinspected certain of its 
localities having the worst polluted waters. 


INTRODUCTORY REMARKS 


As a preliminary to the discussion which follows, I shall briefly state the main con- 
ditions which I consider are the foundation of the problem to be solved. 

The Metropolitan community, at present estimated to contain over five million 
persons, resides upon about 700 square miles of land in the States of New York and 
New Jersey, bordering the Hudson river, the East river, the Kill van Kull, the Arthur 
Kill, Newark bay and the Upper and Lower New York bays. The water areas cover 
together about 200 square miles. 

The entire area, now populated and to be populated in the future, drains into 
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these watercourses, whether it is the natural flow from the rainfall washing its sur- 
face or the artificial flow of the city sewage and manufacturing waste. New York being 
the largest shipping harbor in the world, there is added to the discharge of this dirty 
water or land sewage a large amount of ship sewage, which also contributes to the pol- 
lution of the harbor waters. 

Although your Commission is confined by law to the consideration of the condi- 
tions within the limits of the State of New York, and has therefore excluded a thor- 
ough investigation of the conditions within the limits of the State of New Jersey, it 
must be evident that a political boundary in the middle of a river or a bay, both shores 
of which are densely populated, does not produce a sanitary boundary, so far as the pol- 
lutions of the water and of the stream bed are concerned. You have, therefore, here and 
there extended some of your observations across the State line, and it is to be regretted 
that the same thorough examinations as have been made on the New York side could 
not have been made of the waters and shores of the New Jersey side of the rivers and 
bays.* 

As a thoroughly satisfactory and final solution of the sewage disposal problem of 
the Metropolitan area must embrace the respective populated areas within both States, 
and as the solution must apply to their polluted waters, and should accomplish the de- 
sired benefit at the expense of both States, rated in fair proportion, the conclusions to 
be reached at the present time should be drawn with this point of view, and in the fol- 
lowing discussions this broader aspect of the question will be kept in mind, so far as 
practicable. 

The direct discharge of all of the filth from rain-water washings and from the 
city and ship sewages into the waters of the Metropolis has caused at many points of 
the harbor quite objectionable conditions to sight and smell. 

a. One can see floating upon the surface of the water over extended areas 
of the harbor much excretal matter discharged by the sewers. 

b. One can see also the turbid sewage water extending into the river quite 
a distance from the sewer outlets. 

ec. Bubbles of gas rising to the water surface at many points, some of 
which contain malodorous gases, indicate an accumulation of putrefying sewage 
sludge deposits, chiefly at sewage outfalls near the shores, within the slips and 
at other points in the harbor. 

d. Analysis of the water into which the sewage has entered indicates sev- 
eral changes from the original composition of the water, the most significant of 
which for the present purpose is the reduction of oxygen, which is usually 
found to saturate normal and unpolluted waters. The oxygen dissolved in the 
water acts in a similar manner as the oxygen contained in the air, by converting 
lifeless unstable organic matter into resistant stable inorganic matter. When 
organic matter, particularly such as breaks down readily, exhausts the avail- 
able oxygen, or cannot withdraw it fast enough to form the new inorganic com- 
binations, then other processes of decomposition substitute themselves. 

e. In the presence of sufficient oxygen the breaking-down process of organic 
matter is inoffensive. In the absence of sufficient oxygen the process can be either 
offensive or inoffensive. It is offensive when the resulting malodorous gases in- 
clude chiefly sulphur compounds. It is offensive when the resulting gases are 

*This is an error. The Commission’s investigations were by law required to cover New Jersey as well as 


New York, and the existing conditions of sewerage and sewage disposal are fully described in the Com- 
mission’s Report of April 30, 1910. Ed. 
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chiefly marsh gas and carbon dioxide and exclude the malodorous gases by proc- 
esses only quite recently made practicable. 


Lifeless organic matter, such as we find in sewage, can therefore be decomposed, 
so far as odorous results are concerned, by offensive and inoffensive processes. Nat- 
urally all efforts to dispose of the Metropolitan sewage should be devoted, as far as 
practicable to the selection of those processes which are inoffensive. 


The present direct discharge of sewage into the waters of the Metropolis at many 
points not only causes objectionable conditions as to sight and smell, but may also 
cause disease germs to enter these waters and in several ways cause subsequent injury 
to health. Let us consider also these objections for a moment. 


a. If waters are to be used for drinking there can be no question but that 
injury could result to the health of the consumer from any sewage discharge as 
above stated. Such waters should never be used for drinking in their raw state. 
Nor would such waters necessarily be safe if only the domestic sewage were kept 
out, still leaving to enter the rain-water washings from the streets of a large 
city area, the overflow from sewers in times of storm and the ship washings and 
waste from a harbor. All such street wash, sewer overflows and ship sewage 
expose the rivers to the reception of pathogenic bacteria and endanger the 
health of those imbibing the water. As, however, the waters surrounding the 
New York Metropolis are brackish, the question of use for drinking is, of course, 
excluded, except when it is accidentally swallowed while bathing. 

b. If the water which receives sewage, or even only sewage overflows or 
street washings, is used for bathing, washing, or if hands should be wet by it, 
it is possible that some infection might be transmitted. While direct and suffi- 
cient evidence hereon is lacking, it is reasonable at all times to keep this point 
in view and to give it close attention. 


c. Pathogenic bacteria contained in sewers, such as cholera vibrios and 
typhoid bacilli, are not hardy. When floating in water and entirely separated 
from their nutriment they soon perish. But when imbedded within their nutri- 
ment in night soil or sludge they have lived for years. No proof exists, I believe, 
that if taken into the digestive organs of fish such bacteria have infected the meat 
which is used by us as food. Abundance of proof exists, however, if typhoid 
bacilli are drawn within the shells of oysters that they find sufficient nutriment 
therein to sustain their life and when the oysters are eaten raw they have caused 
the consumer to contract typhoid fever. 


We must therefore face the important facts, on the one hand, that from a large in- 
habited areas pathogenic bacteria may and do enter the adjoining watercouses, even 
should the largest portion of the sewage or even all human sewage be kept out of them; 
and on the other hand, that they may be taken up by fish, and certainly are taken up 
and nutured by shell-fish in brackish and salt water. 


There is no practical and economical way, in my opinion, to prevent all pathogenic 
bacteria from entering the Metropolitan waters. Irrespective of sewage overflows and 
ship sewage, the discharge of which it would be difficult if not impossible to control, it 
is impracticable to entirely exclude the rain water, which washes the streets and yards, 
in the dust of which are deposited all kinds of bacteria found in a densely populated 
city. How far it will be economical to proceed is a question not yet definitely deter- 
mined. It is practicable only to minimize this danger. 
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To minimize the objectionable effects of rain-water washings and sewer overflows, 
the most efficient means are: 

First, to abolish entirely all intercepting sewers from overflowing into the river. 

Second, to permit at suitable and numerous points the first rain-water wash from 
the streets, which is sometimes as foul and as dangerous as ordinary sewage, to enter 
into intercepting sewers and mingle with the domestic sewage for equal treatment. 
The wash of the later period of a rainfall could be left to enter the rivers with much 
greater assurance that all objectionable matter is excluded than without the prior in- 
terception. How far this expedient is practical must, of course, be determined by local 
studies. 

On account of the increasing number of subways in Manhattan extending north 
and south and interfering with the combined sewers naturally running east and west, 
it has appeared as though a separate or double system might become economical for this 
part of the Metropolis. If this should be the case, and if the domestic sewage of Man- 
hattan or a part of it would have to be subjected to some treatment, it might be found 
practicable to add to this sewage also the first wash from the streets, as collected by the 
rain-water drains. 

If we admit the impracticability, as I do, of establishing a sewage treatment which 
excludes from the Metropolitan waters positively all pathogenic bacteria, it then be- 
comes necessary to face the alternative requirement, namely, to protect the Metropoli- 
tan community against every possible danger from infection through whatever bacteria 
will still enter the harbor. The following restrictions, therefore, seem to me to be in- 
evitable in the future. : 

a. Bathing and washing may be prohibited or permitted in the Metropoli- 
tan waters only within respective areas, each of which should be officially deter- 
mined and fixed. 

b. No fish or crabs should be placed on sale in the market that have been 
taken from Metropolitan waters within limits officially determined and fixed. 

c. No oysters, clams or mussels for any market should be dredged in Met- 
ropolitan waters within limits officially determined and fixed. 

To recapitulate, the Metropolitan problem of sewage disposal, therefore, embraces 
the collection of the sewage in a manner which, so far as practicable, avoids putrefac- 
tion within the sewers and is delivered at points where it can be given a final disposal 
without nuisance of any kind and at any place, and which will prevent, either directly 
or indirectly, all danger to health. 

The collection and delivery of the sewage depends upon the manner in which it is 
to be disposed of and therefore upon the points where it is to be delivered. The ways 
in which sewage can be collected and delivered, namely, in sewers with good grades, 
smooth interior surfaces with no opportunities for a detention of the sewage, are all 
well known and need no further remarks except that in this respect improvements could 
be made in the different boroughs at many points. The new problem before the com- 
munity is therefore substantially confined to that of the 


FINAL DISPOSITION OF THE METROPOLITAN SEWAGE 


A final disposition should be made without causing any nuisance or any danger 
to health. To fulfil the latter condition it was stated above that, on account of not 
being able to completely prevent all pathogenic bacteria from entering the Metropolitan 
waters restrictions should be placed upon the use of such waters for bathing and upon 
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the marketing of fish, crabs, oysters, etc., taken from them within limits to be estab- 
lished by law. Similar restrictions exist in the cities of Germany on the Rhine and 
Elbe and in English cities such as London. 

A very material reduction of the dangers to health is brought about by the circum- 
stance that the treatments which will prevent a nuisance, remove also the pathogenic 
bacteria which may attach to the same, leaving but a very small proportion which may 
escape death. Therefore, in the studies made by the Commission chief attention was 
paid to the means of preventing a nuisance. 

I’rom preliminary conclusions reached above, sewage purification may be accom- 
plished by ways and means which are offensive and inoffensive and all present efforts 
are tending to apply processes which belong to the latter class. 

Offensive means are those resulting from the absence of oxygen, together with the 
presence chiefly of sulphur bacteria. So-called septic tanks are the best illustration of 
the offensive process. 

Inoffensive means are those resulting either in the presence of oxygen, or when this 
is exhausted, in the practical absence of sulphur bacteria. In the following only the 
inoffensive means will be discussed. 


A. DECOMPOSITION BY OXIDATION 


Dead organic matter varies from being very resistant to being non-resistant to de- 
composition. In other words, it may vary from being stable, as bones or hardwood, to 
being very unstable, as blood or vegetable juices. The resistant condition allows of a 
very slow decomposition and does not concern us here, because a nuisance does not 
arise thereby. The non-resistant condition rapidly changes the constitution of the 
matter, either inorganically or by the action of bacteria, which seize upon the oxygen 
in contact with it and form new combinations through oxidation. 

Therefore, the exposure of unstable dead organic matter to a contact with oxygen 
in sufficient quantity and for a sufficiently long time, effects an inoffensive decomposi- 
tion which can be obtained either in air orin water, and at temperatures suitable for 
bacterial activity. 

Oxidation in the air, 7. e., on land, is obtained when the sewage is spread out as a 
thin film upon a firm substance, exposing to the air as much surface as practicable. We 
have then the most favorable relation between the exposed area of surface, the quantity 
of air available, the best conditions for bacterial activity and the degree of purification 
accomplished. Percolation through beds of sand and beds of coarse-grained materials 
are the best practical means of securing a favorable relation for oxidation on land, as 
is well known. 

When the sewage is diluted in a body of water its oxidation is obtained by a thor- 
ough exposure of the dissolved and finely suspended matter to the oxygen dissolved in 
the water. Thorough dispersion in a sufficient quantity of flowing water is therefore 
the practical way of securing it. 

As the quantity of dissolved oxygen available in the water, when compared with 
the quantity available in air, is not as large, oxidation in water is not as rapid as oxida- 
tion on land, nor can the same result be accomplished with the same cubical content of 
medium as on land. On the other hand, oxidation in water is much more economical, 
because it does not require extensive special works nor as much labor, and an immediate 
dilution in sufficiently oxygenized water at once stops the generation of odor. 


REPORT OF RUDOLPH HERING 225 


In order to secure the desired oxidation most efficiently, both on land and in wa- 
ter, it is customary to limit the character of the sewage thus to be treated to the dis- 
solved and fine suspended matter. The coarse suspended matter is therefore generally 
first removed from the sewage. 

The practicable means for securing the oxidation of liquid sewage by filtration on 
land are so well known that for given requirements and conditions of the New York 
Metropolis, the necessary areas, capacities and costs may be readily ascertained. We 
are less certain regarding the best means of separating the coarse floating and heavy 
matters from the dissolved and fine suspended matters and of detaining and separately 
treating them. The latter subject therefore requires a few remarks. 

Three practicable means exist and are used to obtain such separation. One is a 
detention by screening, another by floatage and a third by deposition. 


Screening is limited to the detention of suspended and floating matter, the particles 
of which are larger than the openings in the screen. These openings vary from 6 
inches, holding back only very bulky matter, to very fine slots, the finest being those of 
the screen bearing the name of the inventor Riensch, where the slots are but one mil- 
limeter wide. Without elaborating this subject we can simply conclude from the ex- 
periences gained, chiefly in Europe, that fine screening can satisfactorily detain most of 
the suspended and floating matter objectionable to the eye. 

Screening with Riensch screens is the only treatment given in Dresden. Screens 
are sufficient also in Harrisburg, where they have openings of one centimeter. Still 
wider openings are satisfactorily used in screens in England, where the sewage dis- 
charges into estuaries. 

In quite a number of European cities screening is the only treatment given the 
sewage discharged into watercourses. In others it is used as a means of preliminary 
treatment followed by some process of oxidation. 

We are not yet agreed upon the best general devices for screening, nor upon details 
of the apparatus. In my opinion it would be best to take by itself each case in the Me- 
tropolis where screens are to be used and from among the several well-tested devices 
known select for it the one which will accomplish what is desired at the least cost. The 
heavy storm-water flow in our combined sewers and the rise and fall of the tide in- 
crease the difficulties. ; 

In all cases of screening, even where the finest screens are used, there is still dis- 
charged with the sewage a large amount of fine suspended matter. The amount is 
usually greater in weight than that which is detained by the screens. The passing sew- 
age contains also the larger portion of the non-resistant organic matter. This fine mat- 
ter may be carried in suspension until it is deposited as sludge, either on the bottom 
or at the shores of the stream. It is gradually dissolved and decomposed either while 
suspended in the water or after deposit as sludge, which process will be referred to 
later. 

The screenings themselves are removed periodically by hand or continuously by 
machine and are treated more or less successfully in various ways according to local 
conditions. A removal of the moisture by pressure to reduce the bulk for handling, 
with a subsequent burial or incineration, is the most usual treatment given. If the 
screenings are promptly thus disposed of when fresh no nuisance need result. 

Another means of securing a separation of the solids from the liquids is by facili- 
tating the floatage of light matter. 

When the velocity of a moving liquid is reduced or ceases suspended matter lighter 
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than water rises to the surface and if prevented from passing on, as by scum boards 
and end walls, it will accumulate on the surface and can be periodically removed in 
bulk by hand, or continuously by machine, as in the case of screens. 

Floatage collects the light suspended matter by passing the sewage through tanks 
or detention chambers, of larger section than the sewer, to reduce the average velocity | 
to, say, about 3 or 4 inches per second, and by providing a submerged outlet at the bot- 
tom, the discharge pipe from which leads into the river. 

Floating matter is thus detained at the surface and includes also some fine sus- 
pended matter not detained by screens, the amount depending, of course, upon the 
velocity with which the sewage passes through the detention chamber. Matter not 
rising to the surface will not be retained, but will enter the river.* 

In order to prevent any deposit of heavy matter in the outfall pipe, a grit chamber 
is placed ahead of the detention chamber, causing a velocity of not much over nor much 
less than 12 inches per second. 

In case of a combined system, the chamber should be placed to one side of the sewer, 
so as to allow the storm-water flow to pass as before to the river, and by self-acting 
float valves be prevented from entering the chamber. The water level and floating 
matter in the chamber rises and falls with the tide. The floating matter can he dis- 
posed of by burial or burning. 

A third means of securing separation of solids from the liquid matter is through 
their detention by deposition in settling tanks or chambers. These tanks allow the 
heavier materials to deposit, the floating matter to be retained and the liquids and non- 
settling fine suspended matter to pass on. 

As the velocity of flowing water decreases matter held in suspension by its move- 
ment begins to deposit. The well-known curves, showing the relation of velocity and 
subsidence of sewage matter give us the means of estimating the percentage of sus- 
pended matter which can be removed by subsidence during given time periods of 
detention. 

The mean velocity of the sewage passing through such tanks has varied from 14 
‘to 2 inches per second. Experience has established the fact for European sewage 
that a period of detention of one to two hours causes a deposit of all matter which it 
is found economical to remove by this means and to be treated separately. The remain- 
ing suspended matter is very fine and it is found that practically all of it can be taken 
care of with the liquid sewage by subsequent oxidation. 

In settling tanks it is natural to collect also the floating matter, as the velocity in 
them is small, and even more floating matter than in the former case can be collected. 
Settling tanks must be much larger and are therefore more expensive than chambers 
designed to retain only floating matter. é 


If sewage is delivered to the point of deposition in a fresh condition, which can 
readily be done by sewers, even several miles in length when these are properly built 
and kept clean, when the sewage is detained not longer than two hours to deposit its 
suspended matter, and has its floating matter properly removed, no offensive conditions 
will result, if reasonable care is given the works. 


*The term “floatage” is probably original with the author. It does not appear that works have anywhere 
been built thus far to carry out the object here mentioned. Ed. 
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B. DECOMPOSITION IN THE ABSENCE OF SULPHUR BACTERIA 


When sewage is examined quite fresh from the points of origin, as in a clean house 
drain, very little organic matter is found in solution. When strained through filter 
paper and left standing it rarely becomes foul. As the sewage continues to flow in the 
sewers more and more matter is dissolved and at the outfalls in many cities we find 
about one-half of the organic matter to be in solution. 

With the increasing quantity in solution bacterial activity also increases and con- 
sumes the oxygen present in the sewage much faster than it can be reabsorbed from the 
air. Eventually, unless prevented, the oxygen is all consumed and putrefaction begins. 

It would therefore be desirable, where it is practicable, to begin treatment by an 
early separation of the solids from the liquid matter and in any case well before the 
oxygen dissolved in the liquid has been exhausted. 

The treatment, so far as described above, is first a separation of the bulk of the 
solids, either by screening, floatage or sedimentation. We must now secondly consider 
the treatment of the solid material which has been deposited in settling chambers or 
tanks, and which is called sludge. ; 

Until within a few years the treatment of domestic sewage sludge invariably 
caused an offensive decomposition in the presence of sulphur bacteria when collected 
in plain sedimentation or septic tanks. It is now practicable to effect the deposition 
and a subsequent more rapid decomposition in a more satisfactory manner without 
any offensiveness; and only such processes should here be considered. 

As non-resistant sewage sludge withdraws oxygen from the water more rapidly 
than it can be replenished from the air it may soon become exhausted. The conditions 
of decomposition then change and new classes of bacteria become active. The aerobic 
bacteria cease to work and the anaerobic bacteria develop as their successors. 

Under the ordinary conditions when oxygen is exhausted we find that some of the 
anaerobic bacteria produce sulphureted hydrogen and occasionally other foul gases. 
Septic tanks, privy vaults, unclean sewers with deposit, extensive sewage deposits in 
rivers and harbors are always instances of foul decomposition, because of the lack of 
sufficient oxygen for the oxidation of the non-resistant organic matter present. 

It has lately been discovered that under certain simple conditions it is possible to 
eliminate the bacteria which develop sulphureted hydrogen and to restrict the an- 
aerobic bacteria to those producing chiefly marsh gas and carbon dioxide, neither of 
which gases is offensive. | 

That this result can be secured under all ordinary conditions is now abundantly 
proven in practice by the successfully inoffensive sludge decomposition in over 130 
plants, most of which are in Germany. The plants operate equally well under a 
variety of conditions, dilute and strong domestic sewages and trade sewages from 
metal, acid and alkali works. 

The essential features of the process to secure this result and as developed by Dr. 
K. Imhoff are as follows: 

The sewage moves through a chamber in which it is detained from 1 to 2 hours. 
During this time from 90 per cent. to 100 per cent. of the settleable suspended matter 
deposits upon an inclined bottom and slips through a slot into a chamber below. The 
slot is so arranged that no gas bubbles resulting from decomposition and no sludge 
particles or water currents can rise from the lower into the upper chamber, to mingle 
with the fresh sewage, but instead they rise through a special shaft directly to the air. 

The decomposition of the accumulated sludge in the lower chamber gradually as- 
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sumes and then maintains a condition in which the classes of anaerobic bacteria-pro- 
ducing offensive gases are substantially eliminated and only those remain which pro- 
duce about 75 per cent. of marsh gas and 25 per cent. of carbon dioxide. 

After the sludge decomposition in the lower chamber has become fully established 
there is not only an absence of odor from the escaping gases at the surface or from the 
shafts, but also an absence of odor of the sludge itself, both while it is decomposing 
and after the process is complete. The absence of bacteria-producing foul smelling 
gases is therefore evident. 

When the sludge has been in the lower chamber some 3 to 6 months, depending 
chiefly upon the character of the sludge and the temperature, and has been kept in con- 
dition favorable to its decomposition, it can be withdrawn without emitting offensive 
odor, as the non-resistant matter has all been eliminated by the decomposition. 

This new sludge differs from the usual sludge, and especially from that of septic 
tanks, by its absence of offensive odor, by its friability, due to the absence of non- 
resistant slimy and sticky matter and by its porosity, due to the expansion of the gases 
of decomposition while the sludge rises froin the bottom of the lower tank to the sur- 
face of the ground. These qualities allow the sludge to be spread out over sub-drained 
areas and dried ready for removal in about a week. It then resembles garden soil. 

Where sufficient area for this drying is not available, the sludge can be withdrawn 
from the tanks and removed either on land or water to points of final disposition. 

Where the means of removing the sludge from the sewage by sedimentation is im- 
practicable for local reason, there is left only one other means, namely, letting the sedi- 
mentation take place as at present, in the river near the outlet of the sewer. This 
means ig also. least good because of the tendency as at present to deteriorate the harbor 
water. 

In this case the sludge must be removed directly from the river bottom, as fre- 
quently as practicable, by a suction dredge placed at the fore end of a barge, with or 
without a diver handling the nozzle. 

_ For the removal of the sludge it is questionable whether it will be cheaper to have 
barges sufficient in number and large enough to hold and remove also the large per- 
centage of water which is brought up with the sludge or to separate most of the water 
from the sludge by a centrifuge and discharge it through a separate hose hanging down 
to within a few feet of the river bottom from the rear end of the barge. It would be 
necessary to discharge this water near the bottom on account of its being offensive. 
The frequency of such a removal will depend upon the effect which the deposited sludge 
has upon the harbor water. The interval between the removals should not be long 
enough to allow effervescence to occur. 

When the sewage is allowed to pass from a sewer directly into the river a screen 
must, of course, always be provided, and also a grit chamber if it is found necessary. 


NEw YorK HARBOR CONDITIONS 


1. Investigations Made by the New York Metropolitan Sewerage Commission. 

The Commission has made a very extensive and systematic study of the New York 
harbor conditions. It has collected more data on the physical and social conditions 
than have probably been collected for any other harbor. 

The Metropolitan area investigated is over 700 square miles. A large number of 
maps have been prepared indicating almost every phase of the problem. Thousands 
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of bacterial and chemical analyses have been made of the waters at all depths, at all 
seasons and at practically all important points. Over 100 experiments were made with 
floating objects, to show the movement of the main tidal currents, indicating their os- 
cillation and the slowness with which the polluted harbor water gets out to sea. Be- 
sides these investigations innumerable others were made leading up to the designs that 
have been proposed. The studies included almost every solution of the problem that 
might be suggested, also some which were soon eliminated for reasons given. 

The general conclusion reached is that the sewage disposal in the Metropolis 
should be radically improved in several directions, and the suggested improvements 
have been outlined in the reports. 


2. Currents and Tides. 

The Commission, in connection with the U. S. Coast and Geodetic Survey, has 
studied the currents and tides, the former in more detail than has been done before. 
It found, as one would expect, that there is no more water flowing seaward (tide oscil- 
lation excluded) than the land water which enters the harbor, and that a large part 
of the harbor water goes into the Lower bay and the sound with every ebb tide. The 
sea water returning into the harbor at flood tide at the Narrows and Throgg’s Neck 
was found to be not entirely free from oxidizable sewage matter. 

The Commission further found that water of the East river between the Upper 
bay and Throgg’s Neck simply oscillates within this stretch most of the time, and that 
the diluting water is received at both ends. 

The rising and falling of the tide averages about 4.4 feet at Governors Island. 
Tidal and land water have different limitations in quantity of discharge. As regards 
their ability to flush out the harbor it can be said that tidal flushing is capable of keep- 
ing a number of the channels free from deposit and sludge, as, for instance, a large 
part of the East river. Land water flushing can apply to the Hudson river only when 
this is in flood. In floods much of the deposited and partly decomposed organic matter 
may be picked up by the increased velocity of the water and carried into the Lower 
bay and to the bar. On the other hand, when the flood recedes much of the partly de- 
composed matter brought down is deposited with the Metropolitan sewage in the bay. 
Therefore I do not consider that floods in the Hudson river, so far as sludge removal is 
concerned, have a very beneficial effect, except by temporarily cleaning the river bed in 
some locations and redepositing sludge in others, and by bringing into the bay fresh 
water having a high percentage of oxygen, soon to be lowered, however, to the present 
figures. 


3. Sewage Discharge. 

All of the Metropolitan sewage with little exception is turned into the Metropoli- 
tan tidal waters. Besides the floating fecal matter, of which about 625 tons are dis- 
charged into the harbor every day, making the surface of some of these waters un- 
sightly and objectionable, bacteria can be found in the water almost everywhere, and 
about 16 tons of sludge are said to be deposited in the harbor daily. 

To fully appreciate the relation of sewage as discharged into rivers to its effect 
upon the river water, we should not lose sight of the deception likely to be introduced 
by the designation of sewage discharge as a quantity of water per capita, the quantity 
of water depending entirely upon the water supply and sub-soil leakage and holding 
no relation to amount of pollution. 

What we are interested in is the organic solid and liquid sewage matter per capita 
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in solution and in suspension, which is a fairly well fixed quantity. The water supply 
gives this sewage matter its first dilution. Sewage of American cities is two and 
three times as dilute as the sewage of European cities, but we have no more sewage 
matter per capita to purify than they have. When our sewage is discharged into a 
river it is already much more diluted than European sewage. When in Europe they 
require 30 dilutions to satisfy the demands for an inoffensive river disposal, we in this 
country would have to require only about 10 to 15 dilutions, other things equal, to 
accomplish the same result. 

The numerous and comprehensive bacterial analyses made by the Commission 
serve as a good index of the conditions of the water in the harbor. 

Noteworthy are the general facts that the largest number of bacteria are near the 
surface, and, with very few exceptions, the smallest number is near the bottom, because 
the oxygen coming from the air is most readily available at the top. And again, sew- 
age sludge has many times the largest number of bacteria, although mostly of a dif- 
ferent kind, because of the greater quantity of decomposable matter present. The 
greater bacterial activity in the water at the surface than near the bottom perhaps ex- 
plains the fact that the dissolved oxygen is occasionally found to be slightly less at the 
top than near the bottom. 

The greater the number of bacteria the greater is the pollution by dead organic 
matter, and at the same time the greater is the effort of nature to mineralize this objec- 
tionable matter. Generally, therefore, we should welcome a high bacterial content in 
water as beneficial, where we cannot prevent the presence of dead organic matter in the 
water. 
Intestinal bacteria are abundant in the harbor, but only a few kinds are patho- 
genic. Pathogenic bacteria are, of course, very objectionable, but fortunately, when en- 
tirely out of their element, they soon perish. There is a risk, as already stated else- 
where in this report, when pathogenic bacteria get into oysters or when bathing or 
handling driftwood permits their entrance directly or indirectly into the mouth. 

The water north of the Narrows is, in my opinion, unsuitable for the cultivation 
of shell-fish at any point. It may possibly also be dangerous to bathe in, and the collec- 
tion of driftwood fuel may be attended by some risk of contracting disease. 

For the further purpose of this discussion let us again consider the sewage of the 
Metropolis in its three parts: That which floats, that which settles and deposits and 
that which remains in suspension or in solution and is carried along with the flowing 
water. The first two parts will be mentioned presently and the last one now.* 

The Commission has obtained information regarding the relation of the incoming 
salt water to the outgoing fresh water and their mixture, and regarding the increase of 
salt water and therefore of the increase of coagulation and precipitation of the organic 
matter. It is also known that plankton perishes and deposits to a larger extent in 
brackish than in either fresh or salt waters. 

We may conclude from these and other facts that in New York harbor as in other 
tidal streams there is a greater tendency than in land water streams to precipitate and 
deposit solid matter. The shoaling of all coastal streams in their tidal reaches is a 
well-known fact. ) 

A second matter of importance is the tendency of the liquid and fine suspended 
matter of sewage to become thoroughly dispersed through the river or harbor sections. 





*This division of the question, and in fact much of this part of the report has beén already discussed in 
the Reports of the Commission. Ed. 
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You say (Report, August, 1912, page 27), particularly with reference to the East 
river: “The configuration of the shore line and bottoms and the velocity of the tidal 
currents all combine to bring about a thorough intermixture of the water.” And again 
(page 34): “It appears that the liquid portion of the sewage which is now discharged 
into the harbor becomes thoroughly commingled with the water soon after it loses its 
identity as sewage. After it has once become mixed with a few times its bulk it becomes 
difficult to recognize it by sight. Marked stratification usually does not long persist.” 

And again (page 32): “The sewage which is discharged into the waters of the 
Lower East river is soon diffused. Except where piers and slips interfere with the 
normal tidal action, the mixing effect of the rapidly moving currents is clearly appa- 
rent.” To indicate the occasional diffusion of the Hudson river water throughout the 
harbor water as indicated by its turbidity, you further say: “At times of heavy rain the 
influence of the Hudson can be detected by the turbidity which it produces through the 
Upper and Lower bays, Kill van Kull and the East and Harlem rivers.” 

You also say: “The presence of minute particles of suspended matter well dis- 
tributed through the volume of the main tidal currents is in itself the least objectionable 
feature connected with the disposal of sewage by diffusion.” 

The percentage of dissolved oxygen is fairly uniform throughout the cross-sections 
where the current is fairly swift. It drops down near the shores where sewers dis- 
charge, showing that its effect is probably soon felt. The sewage matters in the harbor 
water are not all in the fresh state, but in various stages of decomposition, from the 
early carbon fermentation to the late stages of nitrogen fermentation. 

From this evidence we may conclude, if sewage is discharged into the current in- 
stead of at the shore that its dispersion throughout the mass of moving water is greatly 
improved, and you have therefore suggested that such means of dispersion should be 
artificially created at as many points as practicable. 

Regarding the detail of such means of dispersion, the discharge pipes should ex- 
tend laterally across the current, outlets should be small and numerous and direct the 
issuing stream as nearly horizontal as practicable, so that the dispersion will be more 
rapid and complete than otherwise. 

Where the sewage must be discharged at the pier head, the outlet should be placed 
as far below the low tide level as practicable, so that the liquid will get some dispersion 
before it reaches the surface, if it reaches it at all. The designs of the Commission 
have been made with consideration of these practices. 


4. Floating Matter. 

The suspended sewage matter which is lighter than, and therefore fioats on the 
surface of, the harbor water, is in my opinion the most objectionable aspect of the 
Metropolitan sewage question at the present time. 

It was apparent as a nuisance 25 years ago and as such it has since been materially 
increased instead of reduced. In fact, I consider it to have been the chief cause for the 
recent popular agitation for better sewage disposal in the Metropolis. With the floating 
matter eliminated most of the present offensive conditions of the harbor, with a few ex- 
ceptions, will have disappeared. 

Besides the 625 tons of fecal matter, most of which floats about for a while in large 
and small pieces, there is also much vegetable matter, some wood and, at several points, 
also some discoloring trade waste to defile the harbor surface. 

Quite a lot of the floating débris in the harbor comes from the docks and from 
ships, which an enforcement of present or amended ordinances should eliminate. 


: 
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Other floating material is oil and grease. Unless the quantity is large there is no 
offensive odor and no unhealthfulness therefrom. When large in quantity it is always 
an objectionable trade waste and should be excluded from the public sewers and the 
harbor. 

The odor of waste oil, particularly from gas works, sometimes is more offensive 
than that of fresh domestic sewage. Such waste should also be excluded from sewers 
and from rivers and from harbors, as is now frequently done in Europe. When the 
oily film or sleek is confined solely to that which naturally comes from domestic sewage 
it is very slight in quantity and not offensive to smell, and therefore is not objection- 
able. 

Turbidity of the river and harbor waters is not unhealthful nor does it necessarily 
constitute a nuisance. Most of it is caused by heavy rains washing the soil of the 
drainage areas, and it is not practicable to prevent it. Nearly all of our southern 
rivers are almost continuously turbid.* 

To prevent the objectionable floating matter due to private industries and ship- 
ping from defiling the harbor we must seek the remedy first at the sewers and sec- 
ondly by carrying out the police regulations against harbor pollution. 

At the sewers we can operate screens, settling tanks or floatage chambers, as may 
be found most efficient at the specific locality. All such structures require careful de- 
sign, but also, what is still more important, efficient, frequent and faithful attendance, 
if their purpose is to be fulfilled. They are frequently used in Europe. 

The drifting of floating matter suggested the systematic use of suitable floats to 
indicate the points to which sewage would flow and do harm. When in 1882 a large 
series of float determinations had been made in Providence bay, Rhode Island, I found 
that this method was very deceptive for such a purpose, except as relating to large and 
plainly visible floating matter. It does not take account of the diluted, dissolved or 
dispersed sewage, which may not be recognized at all as sewage when it reaches a shore, 
at the point where the special float had landed. Nor do such floats take account of the 
depositing sludge. Only floats used to determine currents give reliable information. 
Balls placed at submerged outfalls may also lead to wrong conclusions regarding the 
effect of sewage discharge. 

Practical and economical means, to more or less prevent the nuisance resulting 
from large quantities of floating matter in the harbor, have been in use for many years 
in other places. In my opinion the Commission cannot too strongly emphasize the rec- 
ommendations they may deem proper to make for the immediate adoption of means to 
prevent floating sewage matter from appearing anywhere upon the surface of the 
harbor. 


5. Sludge. 

The suspended sewage matter heavier than water, and therefore settling in it, is 
the next most objectionable part of fresh raw sewage discharged in the harbor, because 
it continuously accumulates, and by doing so withdraws oxygen as rapidly as conditions 
will permit. After the oxygen available for withdrawal has become deficient in quan- 
tity, putrefactive processes are started in the sludge, gas bubbles rise to the surface and 
carry up with them particles of a putrescent sludge to further deplete the quantity of 
dissolved oxygen which is being reabsorbed by the water. 

One of these gases is sulphureted hydrogen, and having a very offensive odor is, as 


*The Commission makes a distinction between turbidity produced from the washings of alluvial land 
and that which is due to excessive sewage pollution. Ed. 
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we know, the principal cause of the present nuisance objected to in the slips and docks 
of the harbor. 

Sludge deposits are abundant near sewer outfalls in the slips and docks. The 
worst nuisances are from Wallabout and Newtown creeks, in the Harlem river and in 
and from Gowanus canal, because in all these cases the velocity of the water is too 
slight to carry all of the suspended matter away. The velocities are less on the shallow 
than on the deep areas, and therefore we find more sludge deposits on the shoals than 
in the channels of the harbor. The Commission has found: “That practically the whole 
of the Upper New York bay and the Lower Hudson are underlaid by an accumulation 
of foul-smelling black ooze.” 

The sludge deposit in the harbor is not all of Metropolitan sewage origin. In fact, 
I believe only a small part of it was ever the highly putrescible part of domestic sew- 
-age, which is the first to be oxidized by the water. As before stated, much organic 
matter, chiefly the more resistant part, is brought down the Hudson and deposited in 
the bays. It originated by the discharge into the river of the rain-water washings from 
the entire drainage area, including that of the Metropolis. Some of the sludge is also 
due to the accumulation of dead plankton in the brackish waters. The non-resistant or 
putrescible matter in sewage has practically disappeared by oxidation. The harbor’s 
sludge as a rule is not very non-resistant, except near the sewer outfalls and in the 
decks. Some distance away from them, but not near shallow shores, it is in the last 
stages of decomposition, and no more putrefaction is noticeable by the appearance of 
any effervescence at the surface, although, of course, some oxygen absorption is still 
taking place. Near the sewer outfalls there is a good deal of non-resistant sludge de- 
posited, the bacterial activity in decomposing it and the resulting oxygen absorption 
is much greater and putrefaction is the usual final result.* 

The effects from putrefying matter are much more objectionable in the water than 
are the effects from decomposing fresh matter. The former not only imparts an offen- 
sive odor, but the sulphides formed by the putrefactive process have great avidity for 
oxygen, and by direct chemical action withdraw it from the water, thus assisting its 
deoxidation with corresponding rapidity. 

The recent Manhattan practice of extending the sewers to the pier heads, instead 
of letting them discharge into the docks, has improved conditions very greatly, but the 
rising tide still takes some of the suspended sewage particles back into the docks and 
therefore still causes some deposit due to the slight velocity of the water in them. 

The thicker the sludge deposit the less active is its decomposition. Where the de- 
posits have accumulated to depths of over 3 feet the Commission found that below 
this depth decomposition practically ceases, partly because only matter remained that 
had been rotted out and partly because the bacteria perish in the seclusion by the poi- 
sonous effect of their own products. | 

A more thorough removal of the sewage sludge than heretofore attempted from the 
rivers and bays, both at present and hereafter, will, in my opinion, very effectively bet- 
ter the harbor conditions, not only by preventing its putrefaction in the river, but also 
by increasing the dissolved oxygen content of the water and therefore improving its ap- 
pearance both in color and clearness. 

Dr. Adeney has reported to you (page 100 and page 116 of his reporty), and I 

*This is in error: Many thousand cubic yards of putrefying sludge were removed by the United States 
Government engineers in improving Ambrose channel, in lower New York bay, between two and three miles 


from shore and seven miles from any large sewer. See also this Commission’s Report of April 30, 1910. Ed. 
+See Report of this Commission of April 30, 1910. Ed. 


234 REPORTS OF EXPERTS 


strongly support his opinion from extended observations both in Europe and America, 
that: “There can be no doubt that the waters of New York harbor are being injuriously 
affected by the sewage solids which are being deposited over the greater portion of its 
bed.” “Of all the constituents of sewage the solid matters in suspension cause the most 
injurious results in tidal waters.” “It is the easily and directly oxidizable substances 
from the foul deposits that now cover the greater portion of the bed of the harbor 
which cause the large deficiency in dissolved oxygen which have been shown to obtain 
in the waters of the harbor by the investigation of the Metropolitan Commission.” 

Opinions have been expressed that the sludge has a less important effect.in deoxy- 
genizing water than that imputed by Dr. Adeney. Relevant experiments have been re- 
cently made and a verification of his position obtained by the Commission. 

In my opinion every effort should be made to keep as much sewage sludge as prac- 
ticable from depositing in the rivers and harbor by its retention on shore. I believe 
that at least the worst half of it can be so retained in tanks, and that in addition a good 
deal can be removed by suction dredges, as already suggested. 

When tanks are used it may be found that in some locations—later, if not now— 
chemical precipitation or rapid filtration may be advisable to increase the retention of 
more of the suspended matter than will deposit in plain settling basins. _ 

_ When final detailed plans are made the special character of works for the most 
efficient sludge removal, whether Imhoff tanks, plain settling tanks or suction dredges, - 
should be determined ae to the preference, the cost, etc., for every outfall, as well as the 
best method of finally disposing of the sludge thus collected. 

I do not see why sewage sludge, either at the shores or in the rivers, being objec- 
tionable at least as a nuisance, should not be collected, removed and if necessary treated 
for similar reasons to those which cause us to collect, remove and sometimes also treat 
the solid refuse of city streets. Sewage sludge may become quite as objectionable as 
does night soil and old garbage, and to let it putrefy on the bed of a river is a relic of 
olden times when neither knowledge existed as to how to deal with such matters nor 
money was available to pay the cost. Keeping the river beds clean in front of our cities 
is, in my opinion, just as desirable as keeping our streets clean. On the latter we see 
the dirt, on the river bed we do not see but smell the effects of the sludge. Sludge 
exists abundantly in our harbors and it affects the oxygen of the water flowing over it 
in a more destructive manner than the street dirt affects the oxygen of the city air. 

I believe that in every civilized community it will not be long before “river clean- 
ing” will be deemed as desirable as “street cleaning.” | 


6. Dissolved Oxygen. 

The best practical measure of the degree of pollution of any water, to determine the 
amounts of unstable dead organic matter which it can digest without causing a nui- 
sance and the amounts which probably will cause a nuisance, is the quantity of free 
oxygen dissolved in the water. Extensive dissolved oxygen determinations have, there- 
fore, been made by your Commission for three years, covering the entire water terri- 
tory which is concerned in the present case. With this information you have studied 
the digestive capacity of the harbor and have concluded that: “It will not be necessary 
to keep all the sewage out of the harbor, for these waters can absorb a large amount of 
sewage harmlessly and inoffensively. The Commission considers that this capacity 
should be fully utilized and has undertaken to determine to what extent and in what 
ways this can be done.” 

The Commission has carefully studied the effects of sewage discharge into the har- 
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bor as indicated by its dissolved oxygen. All the observations have shown a tendency 
for the dissolved oxygen to become more concentrated near the surface than below, 
even when a partial depletion exists below. Downward streaming and evaporation in- 
dicate the manner in which oxygen is replenished in the water below the surface until 
it reaches the sludge at the bottom. 


Downward streaming is caused by the greater weight of the air-saturated surface 
water, which may finally reach the bottom, and seems to be the chief means of reoxidi- 
zing the layers below. Evaporation in sea or brackish water, due to the solution of 
sodium chloride and other salts becoming more concentrated, and therefore heavier near 
the surface, also causes downward vertical currents. 


Water fiowing in an irregular channel, with changing shores and river bottom fre- 
quently changes its course, both vertically and horizontally, and therefore becomes 
more or less thoroughly mixed. This condition exists to a large extent in the New York 
harbor, and particularly in the East river, as the Conimission has shown. 


The result of this constant intermixture is advantageous also in the fact that it 
facilitates a greater oxygen absorption at the surface. As a rule there is not a great 
difference between the resulting amount of oxygen in the surface and in the bottom 
layers, probably because of the greater bacterial activity near the surface. 


The depletion of oxygen has taken place pretty generally throughout the entire 
harbor, but to different degrees in different parts, as shown by your plottings. This 
depletion has been caused partly by the dissolved and light suspended organic matter 
which enters the harbor chiefly from the sewers and partly by the deposits of sludge. 
Where the sewage discharge and sludge deposits are greatest the dissolved oxygen is 
lowest. 

The East river is the most depleted part of the harbor, it receives the largest 
amount of sewage and has the least favorable opportunity of having its water thor- 
oughly changed and replaced by oxygen-saturated water. 


At Pier 10 and at the Brooklyn Bridge the degree of saturation in July and Au- 
gust, 1913, when it was lowest, fell to figures varying from 13 to 25 per cent. Else- 
where the figures are materially higher. 

In general it may again be said that sewage cannot be as rapidly purified in water 
as in air, because of the comparatively small amount of oxygen that is dissolved in 
water, and because of the less good opportunity there is for contact between sewage 
matter and oxygen, as compared with filters. Consequently oxidation in water requires 
a longer time. 

As regards the effect of a depletion of oxygen in the water upon fish life, it may 
be said that for major fish the figure 70 per cent. has been recommended for New York 
harbor. While it is desirable to keep water for major fish life as highly aerated as pos- 
sible, we know that such fish have not always been destroyed even by a very much 
lower figure. In the Potomac below Washington there is good fishing with oxygen oc- 
casionally at 50 per cent. saturation. The amount of oxygen to be maintained in water 
is mainly a question of preference between the financial value of the fish, which may 
not be able to live in waters used for sewage oxidation and the cost of preventing the 
deoxidation. 

If it were desirable to permit fish to ascend a large stream for spawning, as, for 
instance, the Hudson, it would not be necessary, in my opinion, to require sufficient 
oxygen in all of the rest of the harbor water, but only in those waters directly connect- 
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ing the Hudson with the ocean. It would not be necessary throughout the Hast river, 
as the fish in the sound might go elsewhere than up the Hudson for spawning. 

Dunbar says: “It is the sulphur forming foul-smelling sulphureted hydrogen 
which is strongly poisonous to fish life.” The result of putrefaction is more injurious 
to fish life than, within limits, a mere scarcity of oxygen. Therefore, by preventing the 
putrefaction of sludge deposits and the consequent escape into the water of foul gases 
resulting therefrom, by the interception of sludge on land, or by frequently removing it 
with suction dredges from the river bottom, putrefaction can be minimized and the de- 
gree of dissolved oxygen increased in the harbor water for the benefit of fish life. 

It is my opinion that the question of major fish life in New York harbor should not 
take the first place in a consideration involving so large an expenditure as would be 
necessary for the final disposal of the Metropolitan sewage. However, so far as the de- 
gree of dissolved oxygen affects the health of the population and affects the question 
of a possible nuisance to this population, it must be seriously taken into account. I 
shall refer to this subject again later. 

The source of the dissolved oxygen is river and harbor waters is the atmosphere 
from which it is absorbed. The harbor waters receive oxygen from the Hudson, the 
Passaic (in the future) and the Hackensack rivers, from the flood tides entering the 
harbor at Throgeg’s Neck and at the Narrows and from absorption at the surface of the 
harbor waters. We may call the area of the harbor waters about 60 square miles. 

Practically all of the Metropolitan sewage is now discharged into the harbor, and 
it also practically disappears within its area. The disappearance is brought about 
partly by subsidence and decomposition of the resulting sludge and partly by oxida- 
tion of the liquid and fine suspended sewage within the harbor. 

Ebb tide takes some of the unoxidized sewage out to sea beyond Throgg’s Neck and 
the Narrows. Most of the flood tide, however, brings back almost completely oxygen- 
ated water. 

If the surface of the water is kept fairly well broken the reaeration readily pro- 
ceeds. When the quantity of dissolved oxygen is insufficient to oxidize the sewage, the 
sewage and sludge together may in an extreme case produce black, putrid and foul- 
smelling water, with bubbles of odorous gases arising from the sludge. 

Sludge draws oxygen from the water with greater avidity than sewage in solution, 
but dissolved matter, on the other hand, decomposes in the presence of sufficient oxy- 
gen far more rapidly. The reaeration of sea water proceeds more rapidly than the 
reaeration of land water. The favorable configuration of the harbor, of land and sea 
water entrances aiding the intermingling of the waters by the tides and currents, the 
oscillation due to the tides and the effect of the shipping and winds all contribute to 
getting a good mixture of sea and land water and of the top and bottom waters, the 
result of which is shown in the fairly uniform distribution of the dissolved oxygen in 
most parts of the harbor. 

We have various estimates as to the amount of dissolved oxygen necessary to oxi- 
dize the screened and settled sewage per second per capita, such as 0.80 mg. in Chicago, 
0.35 mg. in Hamburg and 0.22 mg. in Frankfort, ete. 

If we roughly assume the figure for New York at 0.50 mg. per capita per second 
we would require for a population of, say 6,000,000 people, as much as 3,000 grams of 
oxygen per second, or 260,000,000 grams per day. 

Dibdin concludes from some of his observations that all the organic matter in sew- 
age will be completely oxidized by from one to three times its weight of oxygen. The 
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total organic and volatile matter in sewage, averaged from several authors, is about 77 
grams per capita per day. We should, therefore, require, according to Dibdin, for 
6,000,000 persons from 462,000,000 to 1,386,000,000 grams per day to oxidize the sewage. 

If we realize that Dibdin’s figures are for getting complete oxidized organic matter 
from crude sewage and the others are for getting non-putrescible matter from settled 
or screened sewage, removing a large part of the solid matter, they will reasonably com- 
pare with those above assumed. More definite information on this subject is necessary 
and will no doubt be forthcoming in the future. I understand that the Commission has 
obtained some. 

The oxygen required is partly absorbed from the air at the surface of the harbor 
and partly brought into the harbor with the flow of the Hudson and with the flood tides 
from the sound and the ocean. The other sources are negligible. 

The ordinary minimum flow of the Hudson river is 1,500,000,000 gallons per day. 
Let us assume that about one-third of its dissolved oxygen is available for the oxidation 
of the Metropolitan sewage, say 3 milligrams per liter, or 12 milligrams per gallon. 
Then the daily amount of dissolved oxygen available from the Hudson river is 18,000 
kilograms. The aerated tidal waters entering New York bay twice a day from the 
ocean and the sound, let us assume to be roughly 200,000,000,000 gallons per day, and 
let us further assume that the available amount of oxygen in it for oxidizing the Metro- 
politan sewage is only 5 milligrams per gallon. The daily amount of oxygen available 
from the ocean waters may, therefore, be 1,000,000 kilograms. 

The surface of the harbor, where practically all of the sewage is discharged, 
namely, about 60 square miles, equals say 1,672,000,000 square feet. If we take 
Adeney’s figures of oxygen absorption of half sea to half land water at 0.055 c¢.c. per 
liter per hour, equaling 0.000078 gram per liter per hour, and assume that atmospheric 
oxygen penetrates the fairly rough harbor surface about one inch in one hour—a safe 
minimum—then 0.000175 gram would be absorbed per hour per square foot, or 292,700 
grams per hour from the entire harbor surface, or about 7,000 kilograms per day. 

We may then estimate the available oxygen for sewage oxidation in the New York 
harbor water quite roughly as follows: 
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It appears that the sea water brought into the harbor practically furnishes the 
bulk of the oxygen for decomposing the Metropolitan sewage. 

We found that 6,000,000 people required about 260,000 kilograms of oxygen per 
day to decompose their sewage after it had been screened and settled. We also found 
that Dibdin’s estimate of the amount cf oxygen required to completely mineralize the 
entire organic matter of raw sewage ranged from 462,000 kilograms to 1,386,000 kilo- 
grams. These figures I think safely indicate that if floating and visible suspended mat- 
ter is removed, if sludge accumulation in the harbor is prevented and if the sewage is 
thoroughly dispersed in the harbor waters the remainder of the sewage can be oxidized 
by the sea waters to a degree which would not produce objectionable conditions for 
years to come. 

Adeney in his report to your Commission supports the same opinion when he says 
that: “The harbor waters are quite capable of satisfactorily disposing of the liquid 
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sewage matter from Greater New York for many years to come, provided the solid 
matter be first removed.” 

The above figures are, of course, not sufficiently exact to show how long this dilu- 
tion will suffice for the rapidly growing Metropolis. ‘The present time, however, is not 
too early to get closer and more exact figures and to ascertain what should be the ulti- 
mate remedies which must be applied, after the floating matter and sludge removals 
have been accomplished to the greatest practicable extent, and the Commission, in my 
opinion, has wisely considered a number of such further solutions. 


EXPERIENCES ELSEWHERE 


There are several large cities where sewage has been discharged, untreated or 
nearly so, into watercourses of brackish or fresh water. The experience there gained 
is, in my opinion, a more trustworthy guide in forming an opinion regarding the con- 
ditions to be expected in New York than any laboratory work, or calculations, as 
above. I may mention London, Hamburg, Washington and Philadelphia. The Com- 
mission is acquainted with most of the details of these cases, but I shall repeat a few 
general facts and add a few more. 

London. The Thames, with a tidal range of 18 feet, receives the sewage - from a 
larger population than New York, and its condition indicates that brackish water of a 
tidal stream can remain in a Satisfactory state with an oxygen content of only 25 per 
cent. of saturation. I understand it has fallen to 5 per cent. without causing a nui- 
sance. I have been on the Thames on several occasions of low dissolved oxygen and 
have not noticed the slightest offense.* The sewage is relieved, before discharging, of 
about half of its suspended matter, and sludge is continually being dredged from the 
river, this material being mostly due to the accumulation of rain-water washings rather 
than to sewage. Mr. Fitzmaurice and Mr. Clowes report this disposal as being quite 
satisfactory. 

Besides keeping out the floating matter the only treatment given since about 1891 
is precipitation at Barking and Crossness. Of late Mr. Fitzmaurice has expressed the 
opinion that plain subsidence without chemicals might yet be sufficient to prevent nui- 
sance in the Thames for a number of years. A removal of the suspended matter to as 
large a degree as practicable and a dissolved oxygen content frequently of 20 per cent. 
has been found quite satisfactory. 

Hamburg. . In Hamburg the river Elbe has a tidal range of about 6 feet and con- 
tains only land water from which about one-half of the city’s water supply is obtained 
at the upper end of the city. Only floating matter, grit and an almost insignificant 
amount of sludge is intercepted and removed to outside of the city. The sewage from 
about 1,000,000 people enters the Elbe within the harbor a few hundred feet from shore 
and discharges at the bottom of the river from several outlets. The annual typhoid 
fever rate is only 4 per 100,000. The conditions for sewage oxidation are less favorable 
than in New York. The water area is much less and the shipping per square mile 
greater. ‘There is no floating sewage on the river and no sludge, as the deposit is fre- 
quently dredged.; In the season of low water, 7. e., in the late summer, the dissolved 
oxygen has dropped to 40 per cent., and still. lower, without causing the harbor waters 
to be objectionable. The water supply of Altona, a city of about 180,000 inhabitants, is 


*This is contrary to official statements which indicate that odors from the sewage are noticeable for about 
twelve miles above and below the outfalls, although not of sufficient strength to be objectionable beyond the 
river’s banks. Ed. 


tMuch of the sewage rises to the surface and the solid matters are eagerly sought by seagulls. Ed. 
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taken from the Elbe, about 7 miles below Hamburg, and with double filtration has been 
entirely satisfactory at all times. 

Washington. The sewage of Washington in its raw condition is continuously dis- 
charged into the channel of the Potomac river by two outlets 100 feet apart and about 
27 feet below low tide. The river is a tidal stream with a range of about 18 inches and 
no sea water ascends to the city. The flow of the river varies from 2,000 to 40,000 cubic 
feet per second and during the lowest flow the water oscillates during the tide about 
12,000 feet. The dilution has varied from 1 part sewage and 45 parts river water in 
October, 1912, to 1 part sewage and 234 parts river water in March, 1913. For the 
minimum flow of the river, which is about 2,000 cubic feet per second, and for the pres- 
ent population of about 350,000 there is a land water flow of 5.7 cubic feet per second 
per 1,000 persons. 

I have seen the surface of the Potomac river both when it was calm and rough, 
and no objectionable conditions were apparent at either time. The minimum monthly 
per cent. of saturation with oxygen near the outfall was 50 per cent. for a flow of 4,505 
cubie feet per second during August, 1912. The monthly dissolved oxygen figure 
ranged from 70 per cent. in September to 96 per cent. in February. | 

All floating bulky and heavy matter, including substantially all grease, is automat- 
ically héld back at the shore, when passing through a grit chamber, screens and skim- 
ming tank. The outfall pipes descend to the river bottom and extend to the outlets 
above mentioned. Examination of the river bottom and beaches show no evidence of 
sludge or deposits and the surface of the river is substantially free from oil and sleek. 
The fishing grounds in the vicinity are called excellent.* 

My purpose in calling attention to the Washington case is to show the benefits 
from- the removal of floating matter and of discharging and dispersing the sewage at 
the bottom of the channel. The dissolved oxygen is amply sufficient to decompose the 
discharged sewage. 

Philadelphia. Studies have recently been made of the Delaware and Schuylkill 
rivers by the Bureau of Surveys under the direction of Mr. George S. Webster, Chief 
Engineer and Surveyor, with reference to the effects of discharging into them the raw 
sewage of the City of Philadelphia from many outlets along the shores. A report on the 
results will soon be issued and the conclusions drawn from them will be interesting. 
They will also facilitate a better comprehension of some of the New York conditions. 

Both rivers are tidal streams,#he range being about 5 feet. The normal land water 
flow of the Delaware river is: 4,050 cubic feet per second; the minimum flow is 2,030 
cubic feet per second. The normal Schuylkill river is 1,270 cubic feet per second, and 
the minimum is zero below the Fairmount dam. The population of Philadelphia is 
about 1,600,000, of which 450,000 dwell upon the watershed of the Schuylkill river and 
1,150,000 dwell upon the watershed of the Delaware river. Upon the watersheds of both 
rivers, within 10 miles of the City of Philadelphia, there dwell approximately 2,000,000 
people. 

The Schuylkill river, below Fairmount dam, has much of the time either slack 
water or a very slight velocity. Therefore its bed is pretty generally covered with 
sludge, near its mouth to a depth of several feet. Most of it is in a state of active putre- 
faction, even in cold weather. The river water in the lower reaches consequently con- 


*It should be noted that the Washington sewage is extremely weak, and that Phe Potomac is a muddy 


stream and subject to freshets. 
+Extensive improvements in the disposal of the City’s sewage will be proposed in Gre report. Ed. 
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tains very little, if any, dissolved oxygen, and practically none during all the summer 
months. It is exhausted faster than it can be replenished from the surface. The condi- 
tion of the river has been foul and objectionable for many years. 

The Delaware river has a good current and forms the chief part of the harbor. 
The bottom is consequently generally clean, except where, on account of sewer outlets 
and a reduction of the velocity in the docks, sludge has accumulated and is mostly in a 
putrefying condition. 

The greater part of the water supply of Philadelphia is taken from the Delaware 
river at Torresdale, about 10 miles above the center of the city’s sewage discharge. 
The water is filtered and the death rate from water-borne diseases is very low. During 
flood tide some of the city sewage is taken upon the river beyond the water intake, as 
indicated by the depletion of dissolved oxygen in the river opposite the intake, which 
depletion has been as low as 50 per cent. under extreme conditions of high tide and 
drought in the late summer. 

As the water flows down the river from this point it receives the sewage of the 
city from one outlet after another. Both the sewage and the deposited sludge in the 
docks continuously extract oxygen from the water. Although there is constantly also 
a fresh absorption of oxygen at the surface, the depletion during the summer of 1912 
was greater than the absorption, so that opposite the center of the city (Arch Street), 
about 500 feet from shore, the dissolved oxygen was reduced to an average of less than 
20 per cent. between July 1 and September 20, 1912, and yet during this time there was 
no odor whatever at such localities in the Delaware river. 

Below the mouth of the Schuylkill river no more Philadelphia sewage enters the 
Delaware river, and as the water flows down stream the dissolved oxygen increases 
from about 30 per cent. to 60 per cent. in seven miles; which indicates that the absorp- 
tion from the air at the surface of the river is sufficient to double the average dissolved 
oxygen content of the river water, in addition to replenishing that required for oxidizing 
the entire flow of sewage from the City of Philadelphia. 

The rate of increase of the dissolved oxygen in the Delaware river below Philadel- 
phia from the mouth of the Schuylkill river to Chester, or 7.9 miles, the rate of flow 
being about 2 miles per hour, was computed by Mr. Webster to be 8.6 pounds per 
second per square mile of river surface, or 743,040 pounds per day. 

If we assume that the absorption area for the sewage in the Delaware and Schuyl- 
kill rivers between the points where sewage is first received and the point where the Del- 
aware has recovered its normal condition is about 28 square miles and the population 
whose raw sewage enters the river is about 1,800,000 persons, then on the average 1 
square mile of river surface will serve about 64,000 persons. The sludge is practically 
removed by deposition near the sewer outfalls and in the Schuylkill river. If the or- 
ganic and volatile matter contained in sewage is 77 grams per capita per day, then the 
amount of such sewage matter which is decomposed by the oxygen absorbed from the 
air on one square mile of flowing land water surface should be on the average nearly 
5,000 kilograms or 11,000 pounds per day. 


RECOMMENDATIONS OF THE COMMISSION 


In taking a very broad view of the entire subject, the Commission has given 
thought to almost every conceivable solution of the problem before it. At the outset, 
after brief consideration, it has ruled out some of them as impracticable on account of 
the cost. Thus the Commission rejected a single distant sea outfall and the treatment 
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of the sewage at one or at several plants by oxidation in sprinkling filters or on irri- 
gation fields. These rejections are proper, and any serious consideration of such means 
for disposing of the Metropolitan sewage should be permanently abandoned. 

The Commission has not considered any solutions for the disposal of the sewage 
from New Jersey, lacking authorization to doso. It has, however, given that disposal 
such general consideration that the recommendations for New York would allow sim- 
ilar recommendations to be adopted for the sewage of New Jersey, quite independently 
of those now suggested for New York. 

The New York portion of the Metropolis has been divided into four subdivisions. 
In all of them the sewage is collected so that it can be delivered at points as near as 
possible to some deep, tidal channels. 

This division has the advantage of giving relief to the most important points at the 
earliest possible day, and of making it practicable to apply a relief either to one divi- 
sion or to another, without waiting for the completion of the whole system. 

I shall refer to those divisions not in the order given by your Commission, but in 
an order which will, I think, better facilitate the giving of my opinion as to “the neces- 
sity and sufficiency of the plans proposed.” I have also separated your second division 
into two, calling one the “Hudson river” and the other the “Lower East river” division. 


1. Hudson River. 


The territory included in this division is the entire west side of Manhattan Island, 
which now drains into the Hudson river. You say (Prel. Rpt. VI, page 39): “The 
water of the Hudson will be capable of assimilating the sewage produced on the west 
side of Manhattan Island.” 


I am fully in accord with this view. You propose that the dry-weather sewage 
“should be passed through grit chambers and screened and so discharged into the wa- 
ter as to insure pron pt diffusion.” This recommendation likewise in general accords 
with my views. 


For the final detailed plans every single outfall should be specially studied. In 
some cases it may be more effective, if desirable and if there is sufficient space, to have 
the suspended matters retained by floatage rather than by screens. There can be no ob- 
jection to having gravel or sand enter the harbor hereafter as heretofore, and it is 
cheaper to remove it by dredging from the harbor than by hand from basins or 
chambers. 


Where, however, fine screen are preferable for local reasons then grit chambers are 
necessary to protect the screens and facilitate their operation. Grit chambers are also 
necessary where coarse heavy material is expected and the sewage, having contained 
such grit, is to be pumped or carried quite a distance from the shore to the point of 
outfall. Where the gravel and sand can be discharged into the river at the shore, as 
now, to be removed by dredging, and only the sewage discharged further out into the 
channel it would be economical to do so. 

I heartily agree also with the proposition that the sewage be discharged as nearly 
as possible into the channel current by means of submerged pipes having a number of 
openings discharging as nearly horizontal as practicable. It is the best of the simple 
means of dispersion of the sewage in a current. I am aware, however, of the difficulties 
encountered when considering the interests of navigation. Where the channel has a 
depth well below the established harbor depth there should be no difficulties. Other- 
wise satisfactory agreements must be made with the United States Government. 
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2. Upper East Rwer and Harlem. 

The plans you have proposed for this second division have the object of removing 
the present pollution of the Harlem river, to provide for a proper sewage discharge 
into the Upper East river and to prevent a large part of the present pollution of the 
Lower East river during ebb tide. You have divided the area into five subdivisions, 
which seem to have been carefully limited, so that the best conditions for collection and 
discharge have been reached. 

The outfalls are all located at favorable points, where the water is deep and the 
currents are rapid. The general locations are favorable also towards keeping the sew- 
age discharged well towards Throgg’s Neck, or rather as far away from the Lower East 
river as practicable. 

The Harlem river for a large part of its length is quite objectionably polluted 
both by sewage and by sludge deposits. The only solution of the Harlem river prob- 
lem is, first to keep the river well dredged and free from sludge deposits and to inter- 
cept the sewage now discharged into it. 

You have selected the northeast part of Wards Island as the place where the sew- 
age from the Harlem subdivision is to be delivered and treated. This location for an 
outfall is a good one and there is sufficient room apparently available for the intended 
purposes. 

It would be of little avail to discharge the sewage intercepted from the Harlem 
river at a nearer point, because much of the sewage would quickly return with the tide. 
On Wards Island it is discharged into the Hell Gate current, where, after intercept- 
ing the floating matter, it would be lost to view. Sufficient land should be secured to 
erect also settling basins for the retention of the sludge as soon as this will be found 
necessary. 

Rikers Island is unsuitable for sewage treatment for evident reasons. Sunken 
Meadow, although beset with other difficulties, is the only alternate practicable location 
in the neighborhood, if Wards Island should not be available. 

If the East river is deepened and the channel widened, as proposed, the conditions 
for dispersion of the Harlem river sewage and for its oxidation will be improved. 

The location for outfall and treatment works at Clason Point, as proposed by 
your Commission, is apparently the best one for discharging the sewage from the area 
that you have drained to it, into deep water as quickly as practicable. . 

The outfalls for the remaining three subdivisions, situated on the southeast side of 
the Upper East river, are also well located to get a thorough and quick dispersion of the 
sewage at depths of at least 30 feet and from as many outlets across the current as 
practicable. 

In all cases the outfalls appear to require the least expenditure of money for col- 
lection as well as disposal. 

You have quite properly recommended screening and retention of the floating mat- 
ter at all of these outfalls. The outfall sewers should be so designed and pumping sta- 
tions so placed that it will not be difficult to install suitable settling tanks hereafter, 
when they may be required by the condition of the river. In my opinion sufficient land 
should soon be secured in every case where plants are required for use in the future. 

Regarding sewer systems for collection, you very properly prefer the separate sys- 
tem where sewage is to be pumped and treated to a high degree of purity. You also 
approve of the custom that where sewers are already built on the combined system this 
system should be continued. 
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For the last 35 years it has been recognized in Europe and America that the sepa- 
rate system is the better one, because more economical when the sewage must be given a 
high grade of purity, when it must be pumped and when subsurface storm water removal 
can be postponed, but sewage removal is an immediate necessity. 

Where the combined system has been built you naturally do not consider it wise to 
change it, because the advantages in the cost of any treatment would not be balanced 
by the cost of a new installation of sewers. 


3. Jamaica Bay. 


The Commission has reported two projects for the division which naturally drains 
into Jamaica bay. One confines the sewage disposal to its own area, the other consid- 
ers a combination with the sewage from the subdivision, which is to be mentioned under 
caption V. Here only the first one will be considered. Whatever may be the specific 
plan of development of the Jamaica bay division, it is clear that no raw sewage should 
be permanently discharged into it, that whatever sewage flows into it naturally should 
receive a treatment to prevent all nuisance, and that the treatment in the future should 
be of a higher order than in any of the other sewerage divisions because the effluent en- 
ters a small and shallow inland bay. 

The plan of the Commission is to intercept the sewage of the whole territory and 
deliver it at two points. One point is Jo Co.’s Marsh, an island in the bay, to which is 
delivered the sewage from the area of the eastern subdivision between Rockaway in the 
south and Creedmore in the northeast.. The other point is Barren Island, to which is 
delivered the sewage from the area of the western subdivision between Coney Island 
and Jamaica. 

The sewage is to be collected by the separate system so far as possible, otherwise it 
is to be intercepted from combined sewers, to allow as little as possible of the first 
street surface washing and sewage to get into the bay. The first wash from the streets, 
whether in the combined system or in the storm drains of a separate system, being often 
quite polluted and sometimes more so than American dilute sewage, it should be in- 
tercepted in both systems and turned into the sewers for purification and thus pre- 
vented from reaching the bay. 

I entirely agree with your Commission in opposing long canals in this territory 
for the reception and discharge of sewage. They would certainly become a nuisance 
and injure, if not stop, the development of the nearby territory. Such canals, if built, 
should be for the removal of surface water alone, and the house sewage should be car- 
ried to its final discharge in separate pipes. The additional cost of the separate pipes 
would be more than repaid by the improved value of the land near the canals. 

The treatment works on Barren Island are estimated to require about 100 acres, 
which can be furnished with settling tanks and further means of treatment by sprinkling 
filters, if required. The location seems well adapted for a final disposal of the sewage 
and for giving it whatever treatment may be necessary. This point of discharge, after 
the sewage has had its floating and suspended matter removed by sedimentation tanks, 
is, in my opinion, the best one now available. It insures a sufficient dispersion and high 
dilution of the tank effluents, so that in my opinion at no time in the future any objec- 
tionable results would appear, either in Jamaica bay or along the beaches of Coney 
Island or Rockaway. 

The treatment works on Jo Co.’s Marsh would be for the purpose of discharging 
the effluent into Jamaica bay at all times. This location also appears to be the best one 
for treatment works and you have estimated that 30 acres of land be reserved for them. 
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Owing to the confinement in the bay the treatment should be more thorough than at 
Barren Island. Besides sedimentation there should at once be an oxidation of the efflu- 
ent by sprinkling filters and then a discharge near the bottom of the bay. 

I do not believe that the effect of final settling basins would eventually be worth 
their cost under the conditions of this outfall. Only if the oyster and clam industry in 
the bay is not abandoned, as in my opinion it should be, and eventually certainly will be, 
will it be necessary to add final settling basins in order to have the effluent dosed with 
disinfectants so as to reduce the danger of infecting the shell-fish. 

You have also studied the case where a pumping station and settling basins, erected 
near the bay side at Arverne, would allow the effluent to be more economically and effi- 
ciently discharged about 4,000 feet from shore into deep water and ocean currents. No 
floating matter would drift towards the shore and no depositing matter would interfere 
with navigation or drift landwards. The liquid sewage would be readily oxidized in 
the large current of sea water into which it discharges. 

This project appears to me to have much merit. If a discharge into the ocean is 
found to be more economical it would be also more effective and offer a greater protec- 
tion to the inhabitants than a disposal in the bay, because the effluent water flowing out 
is liable to have contact with a long shore line, instead of being carried away in a cur- 
rent parallel with and several thousand feet away from the shore. In neither case 
would there be floating matter to strand nor sludge to drift ashore. 

4. Richmond. 

The disposal of the sewage from Richmond affords few difficulties. The sewers 
now existing are built on the combined system, except in a few instances. It is the in- 
tention to carry the sewers to the pier heads for discharge. At a number of points this 
plan may not be satisfactory, even if the sewage is discharged into deep water, this is, 
as far as practicable from shore, as you have intended in the other divisions. 

You state that the most favorable place to ultimately discharge the sewage is at 
one point in the tidal waters near the Narrows, but that this would not be economical. 
I fully agree with you regarding this conclusion. 

You have, therefore, subdivided the borough into areas and have collected the sew- 
age in each one, so as to separately dispose of it at economical points. It is, of course, 
very much better to discharge the sewage at the bottom of a good channel than at the 
shore. But it may in some cases be more economical to do the latter than to gather the 
sewage by interception to a few points, at which submerged pipes are carried out into 
the channel. In my opinion it will be a question for local study and estimate to decide 
between the two plans. As a general proposition numerous outlets give a better disper- 
sion than a single one into the same current, but there should be a current between the 
outlet and the shore. 

While I consider it a wise policy to secure and retain in this division sufficient 
land at the proposed outfall stations for treatment works, such as the Commission has 
proposed, I am convinced, with the Commission, that such treatment need not be more 
at the present time than to keep out of the bay all floating matter and in the Arthur Kill 
and opposite Newark bay also the sludge. xperience will indicate how soon in each 
case a more thorough purification is required. The works should therefore be so de- 
signed that they permit additions to be made for more complete treatment when neces- 
sary in the future. 

Regarding grit chambers, the remarks made above would apply also here. When 
settling basins are required, it seems to me cheapest to take the sludge out to sea than 
to dispose of it nearby, unless the sludge is of the inoffensive kind. 


REPORT OF RUDOLPH HERING 245 


5. Lower Hast River. 


When discussing above the subject of dissolved oxygen in the harbor waters, I ex- 
pressed the opinion that, if the floating matter of the sewage were removed and the 
sludge prevented from accumulating on the harbor bottom, the remainder of the sew- 
age could be oxidized in the harbor waters for some time without objectionable effects. 

This opinion related to the average of the entire harbor. Unless there is a uniform 
distribution of the sewage within it, the conclusion would not apply under present con- 
ditions to every part of it. The Lower Hast river is without question, at present, the 
most polluted part of the harbor, not mentioning the Harlem river, and any perma- 
nently satisfactory solution for the entire harbor should embody means for removing 
especially the aggravated evils of this portion. 

You have recommended such a solution by collecting the sewage now entering the 
East river and taking it to an artificial island to be built in the Lower bay, between 
Coney Island and Sandy Hook, there to be discharged, after whatever treatment might 
be necessary. The expense of construction and operation of this project is large. In 
justification thereof you have given a number of reasons. I shall now comment upon 
them and feel obliged to maintain the view that the adoption of this project is not 
warranted at the present time. 

You first mention the large areas of low and made land in lower Manhattan and 
Brooklyn which causes the main outfall sewers to be of very flat grade and for large 
areas below high water. These conditions are not satisfactory. They cause the sewage 
to deposit much of its suspended matter, which putrefies and develops offensive odors 
from gases and air escaping at the manholes, and the putrefying sludge is flushed into 
the harbor by rainstorms. The sewage is generally somewhat septic when discharged, 
but if it is discharged at the bottom of the harbor and beyond the pier heads the septic 
condition would soon be removed by the dispersion of the sewage in oxygenated water. 
Some of the sludge, having entered into decomposition in the sewers, will have corre- 
spondingly less decomposition to undergo when deposited on the harbor bottom. 

To overcome the objectionable condition on shore, within the areas where the pres- 
ent sewers are below high tide, it has long ago been suggested to build separate sewers 
for sewage removal, with better grades than at present and to lift the sewage by pump- 
ing. This suggestion still has merit. 

You further mention some of the present physical conditions of the sewers, which 
are undoubtedly objectionable, such as the lack of cleanliness, accumulation of sludge 
and grease and comparative uselessness of many of the catchbasins. The objection- 
able condition of the present sewers, if they are not rebuilt, can be removed by more 
care in the maintenance and operation, whatever is eventually done with the sewage 
itself. Wherever sufficient slope is practicable, it is generally cheaper to omit catch- 
basins and let the silt and gravel enter the sewers and be flushed to the rivers, there 
to be taken out by dredges. 

You refer to the most conspicuous nuisances of the Lower East river, which are 
Newtown creek, Wallabout bay and Gowanus canal. I am satisfied, from what has been 
said above, that the very objectionable conditions existing in all three localities will dis- 
appear if the floating matter and the sludge deposits are removed. Since the flushing 
channel for the Gowanus canal has been built the canal is still offensive, notwith- 
standing the clear water which now enters it. This fact is due to the fact that much 
sludge still covers the bottom of the canal, putrefying and sending up foul gases and 
comminuted sludge particles, which persist long enough to reach even the East river, 
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to deposit among the docks near the new outfall. Keeping the bottom of the Gowanus 
canal clean by suction dredging will, in my opinion, prevent the continuation of the 
nuisance arising therefrom. 

Wallabout bay and Newtown creek can, in my opinion, be treated in a similar way 
by the removal and proper disposal of the floating matter and the sludge deposited 
therein. 

In these cases, as well as in many others, where the sewers discharge below high 
water it would be advisable to lift the ordinary dry-weather flow with electric pumps 
into settling basins, where the sludge may either be digested or frequent removed be- 
fore digestion, in special barges, as mentioned above. 

I quite agree with the Commission that in the collecting pia the sewers should 
have the first right of way beneath the city streets. A gravity flow of water, as in a 
sewer, carrying suspended matters demands a regular grade. All other structures, such 
as pipes conveying potable water, gas or steam under pressure, as well as a number of 
other conduits and subways, can more readily change their grades. 

The facts that the flow of sewage into the harbor is irregular as to time and that 
the flow of tidal water, in addition to not being uniform during one tide even, reverses 
its flow, contribute to getting a better mixture than if there were a more regular and 
constant flow, as a uniform discharge into a fresh-water river. 

Sludge settles more rapidly, and by the occurrence of some coagulation more thor- 
oughly, therefore it can be more expeditiously gathered in salt than in fresh water. 

The tables which your Commission has prepared indicate the relative value of the 
different bodies of harbor water for oxidizing sewage. They show that the Lower East 
river receives more organic sewage matter than any other part of the harbor, and that 
the water available for its dilution and oxidation is less per capita than in any other 
water of the harbor, excepting the Harlem river. 

There can be no question but that the sewage flowing into the Harlem river can be 
intercepted and removed into the Upper East river, because it is the only solution pos- 
sible for relief from its nuisance, as mentioned above. I cannot, however, see equally 
good reasons for intercepting and removing to the Lower bay the sewage from the Lower 
East river, as the Commission has suggested. 

The chief reasons for this opinion are, first, that screening and sedimentation and 
a sludge removal by suction dredges from the docks and river bottom in the Upper and 
’ Lower East rivers, perhaps also oxidation of a part of the sewage on Blackwell’s Island, 
will, from what has been said above, in my opinion, remove all causes of offensiveness 
to sight and smell, not only now but for some time to come. 

Secondly, that the remaining liquid and fine suspended matter, as well as some 
sludge deposits that escape deposition, can, in my opinion, be ae oxidized by the 
waters of the Lower East river and Upper harbor to prevent any nuisance. 

Thirdly, that the cost of removing all sewage and some rain-water to the “Outlet 
island” is so large that, in my opinion, the relative benefits to be gained in excess of 
those gotten by local and partial treatment, as above suggested, are at the present time 
not justified. 

The New York harbor waters have a high financial value to the city as a sewage 
oxidizer, and this asset should be as completely utilized as practicable before a limita- 
tion is fixed involving such large expenditures. 

A number of engineers, sanitarians and biologists in their endeavor to select a 
figure which would represent the lower permissible limit of dissolved oxygen in waters 
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receiving sewage, have suggested the figure 50 per cent. or thereabouts, below which 
the water might be objectionable. No strong reasons have been given to use this figure 
as a limit, even as an average limit. 

The experience above quoted from London with its tidal brackish water, and Phil- 
adelphia with its tidal fresh water, indicate that a much lower average figure does not 
cause a nuisance. Theoretically, only a reduction to zero at any point might mark its 
beginning. 

It has seemed to me that much of the evidence which has led to the round figure of 
50, or half saturation, was gained from practical observation of cases where sludge was 
putrefying on the bed and where floating matter, scum and sleek were adding to the ex- 
traction of oxygen near the surface. 

If both sludge and floating matter are removed the oxygen content of the water is 
improved. A condition is thereby created which allows without objection a lower degree 
of saturation with oxygen to be maintained than otherwise, because of the absence of 
most of the non-resistant suspended matter, floating or attached to gas bubbles and 
liable to rapidly exhaust the oxygen, become putrescent and cause odors. 

Regarding major fish life, which I have already mentioned, I do not consider this 
industry, so far as the Lower East river is concerned, of sufficient value to justify the 
heavy expense of maintaining for it a higher degree of oxygen in the water than might 
otherwise be entirely satisfactory. 

Irrespective of the large expense of the tunnel outfall sewer and of the large 
pumping stations, and owing to the uncertainties and difficulties to be encountered be- 
low tide level when crossing Long Island, to the proposed Outlet island, possibly incur- 
ring a larger expense than is now estimated, it is questionable whether, after the sewage 
arrives at the island the subsequent condition of the sewage and cost of its treatment 
will be justified. 

The tunnel is suggested to be built large enough for a reasonable future. It will, 
therefore, at the outset cause a correspondingly slower velocity than in later years. 
The natural condition of the sewage; therefore, when arriving at the island after about 
12 miles flow would at least at first be septic, that is, offensive. | 

You propose to prevent this result “by aeration to be provided at two or possibly 
three points along the lines.” I am not convinced that such a means would accomplish 
the desired result. I have recommended aeration at a pumping station by injecting air 
into the force main under a fairly good pressure which causes the air to be dissolved 
and dispersed throughout the water section. I am not sure after the pressure is reduced 
what the practical results as regards odors will be, in part due to the release of air 
and remaining foul gases escaping with it. But I believe it will be difficult, if at all 
possible, as a permanent measure to aerate the large sewage flow in a gravity sewer 
across Long Island, as shown in the profile, so as to penetrate the sewage sufficiently 
to accomplish the desired oxidation. 

The following treatments at the island are possible: 

First, the sewage on arrival at the island could be discharged in a raw condition. 
The large quantity of raw sewage with much comminuted matter might sometimes be 
unfavorably noticeable in its effects. The Commission, therefore, properly proposes 
to treat the sewage before discharge. 

Secondly, the sewage can be passed through large settling basins—the Dortmund 
type is suggested by your Commission—in which the sludge is allowed to deposit and 
to be later taken out to sea. The effluent is discharged into the bay. 
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As the suspended matter after flowing 12 miles is highly comminuted, the time 
required for settling on the island, the greater portion of the solids will be increased. 
To get the same result as with shorter outfall sewers the basins would have to be larger 
and more expensive than if nearer the point of sewage origin. The sewage, if dis- 
charged without bacterial or chemical treatment, would have more dissolved matter 
to be oxidized in the Lower bay than if discharged in the Upper bay, which might be an 
advantage. 

The sewage rises from the end of the long tunnel into the open basins. Unless 
aerated at the pumping station, the odor would be stronger at these basins on account 
of the age of the sewage than at any point where it might be exposed along the East 
river. This septic sewage odor has occasionally been perceptible a mile distant. Just 
how much this odor could be reduced by a Single aeration at the pumping station I am 
not prepared to say. 

The application of a disinfecting, coagulating and precipitating, oxidizing or aera- 
ting plant as suggested would add correspendingly to the cost. If any of such plants 
were resorted to at the Outlet island the results could be no better than if used near 
the East river; for instance, on the shoals below Governors Island, except that in the 
Lower bay any nuisance could not be so readily perceived. An oxidizing plant in 
the Upper bay in the form of coarse-grained filters or other means, is not liable, other 
things equal, to be as septic and odorous as at the more distant island. A disinfecting 
plant would probably not be necessary at any point in the harbor and an aerating, pre- 
cipitating and sludge plant could as well be placed in the Upper as in the Lower bay, 
and from experience elsewhere need not be offensive. The advantages as regards treat- 
iment works on the Outlet island in the Outlet island in the Lower bay over a treatment 
nearer by do not appear to me to be very material. At any rate, I believe the decision 
can be postponed without any danger to health or from a continuation of the present 
nuisance, if suspended matters and sludge deposits are removed. 

The new island in the Lower bay could be made strong enough to resist the effects 
of wind waves in high storms, but it will be expensive to do this, and it will require the 
continuous presence on the island of a suitable force of men. 

I am informed that your Commission is considering treatment of the Lower Hast 
river sewage on Governor Island or on the shallow area south of the same. If physical 
and legal conditions permit, I consider such a project preferable to the Lower bay 
project, not only on account of less cost, but of better control. The effluent could be 
discharged into the waters of the Upper bay and Hudson, which your Commission have 
found at present to be those which are least charged with sewage. 

The treatment works have been considered by you as consisting of sedimentation 
tanks, such as those of the Imhoff type, giving inoffensive sludge. If the collecting 
sewers are kept well cleaned there is no reason why the sewage when delivered should 
not be inoffensive, and therefore, why oxidation by means of sprinkling filters or other 
means would not also be an inoffensive process. Owing to the scarcity of land avail- 
able, the works would have to be designed to give the greatest intensity of treatment. 
The degree to which such treatment is carried, however, need not be higher than the 
character of the Upper bay water justifies. 

I am not of the opinion that a sewage treatment plant on Governors Island or on 
any other area below would be necessary at once. I believe, however, that studies 
should now be made far enough ahead to determine the approximate time when an oxi- 
dation of the sewage should follow the present necessity for removing the solid matter, 
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that land should be secured while it is available, and a project soon adopted which will 
best serve the city in the more distant future. 

The Commission gives the ratio of crude or raw sewage to the harbor water in the 
Lower East river division at 1 : 244, while that for the Upper bay is 1 : 2920. There- 
fore, when the sewage going into the Lower East river must be oxidized it appears that 
the Upper bay can receive for some time without detriment a very large part, if not all 
of it, as well as the New Jersey partially treated sewage. 

I do not hold the opinion that, considering the oxidizing power of the New York 
harbor water we should depend only upon the tidal prism, with the ratio of sewage to 
water as 1 :32.3, nor upon the net ebb flow, with the ratio of sewage to water as 
1 :5.9 as taken from your tables. The waters of the entire river section are well 
intermingled, as pointed out by the Commission through its dissolved oxygen figures; 
therefore, it seems to me that we should not apply the latter two ratios to the pollu- 
tion of the whole water capacity with which we are dealing. 

The first ratio given above, namely, 1 part sewage to 244 parts water, would 
correspond more nearly with the actual dilution than the ratio of 1 part to 32.3. But 
it can be considered only as an average at present with wide local variations. 

The Commission further says: “It is wrong to speak of sewage matters as sew- 
age 2 or 3 hours after they have been discharged into a tidal estuary. Some of the 
ordinary ingredients may still exist, but the chances are all against the continuance 
of any of them in an unaltered condition, except the grosser solids and such others as 
may be able to persist in greatly diluted form.” 

This statement confirms the fact that soon there is a separation of floating and de- 
positing matter from the dissolved and fine suspended or colloidal matter, that more 
and more matter is continually dissolving and that the arguments relating to crude sew- 
age then no longer hold. There is a substantial separation of the sewage into three 
parts, each one of which must later be given separate consideration, because each be- 
comes more and more unlike the others in character and quantity and ultimately 
requires separate treatment. The conclusions reached from data relating to raw sew- 
age, therefore, cannot be applied to any one of its three parts after it has passed its 
first stage of disintegration. 

As the only one of the three parts of the sewage which can be left in the harbor 
water is that representing the liquid and fine suspended matter, and also the part most 
quickly oxidized by the water, it is my opinion that the amount of sewage represented 
by the liquid portion which can be digested by the harbor water will be materially 
larger than that which has been deduced from the usual laboratory experiments. 

The Lower East river should therefore be able to receive the liquid and fine sus- 
pended matter reaching it for many years longer than it can receive the crude sewage. 
When the limit has been reached beyond which offense would occur some of this liquid 
sewage may be intercepted and carried elsewhere to be discharged, at first perhaps di- 
rectly into the less oxygen-depleted waters of the Upper bay and later receive some oxi- 
dation or other treatment before its final discharge. 

All the floating matter in this division should be intercepted at once and the solid 
matter collected in settling basins where practicable, or otherwise frequently removed 
from near the sewer outfalls by suction dredges. 

If the outfall sewer to Outlet island should be built, the western branch of the 
Jamaica bay intercepting sewer, as you have proposed, would also be connected with it, 
instead of discharging at Barren Island. Jf Outlet island is not built, the Barren 
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Island project as outlined by you would give a good disposal for the sewage from the 
respective territory. 


RESUME AND CONCLUSIONS 


The sewage problem in New York is more complex than in any other large city, as 
the work of your Commission has demonstrated. Its solution depends upon scientific 
knowledge and practical experience. 

It can be aided by results satisfactorily obtained elsewhere under similar condi- 
tions. . 

It depends also largely upon the opinions and desires of the inhabitants. Some 
conditions and some people will demand higher standards, and therefore generally 
ereater expenditures for some cities than for others. This circumstance has occasion- 
ally made the solution difficult and slow of adoption. 

Municipal expenditures should be divided in such proportions among the different 
demands of a community that the results obtained are fairly well balanced in all direc- 
tions. No excessive benefits should be secured for one public work at the sacrifice of 
having an insufficient benefit from another. For instance, in my opinion we should 
distribute the expenditures for the collection and the disposal of the Metropolitan sew- 
age in such proportion that the works for collection, because nearer to our inhabitants 
and the locations where we spend most of our time, receive an expenditure which will 
give equal benefit to that which should be desired from the final disposal of the sewage. 
In Europe this proportionate expenditure generally receives more attention than here. 
Sir Robert Rawlinson, who may perhaps be designated as the father of modern sewer- 
age, asked: “Is it better to pollute rivers or pollute towns and houses—to kill fish or 
to kill men?” 

In seeking a solution the Commission has taken a broad view and collected a very 
large amount of information, which is and will be valuable in solving the sewage prob- 
lem of the Metropolis. It has made surveys, analyses, inspections, compilations and 
studies to a greater extent than has ever been done before. 

The problem may be divided, in my opinion, into three groups: one relating to 
health, another to nuisance and the third to cost. 

The health factor is judged by the liability of the works, devised for collecting and 
disposing of the sewage, to transmit disease germs from sewers, bathing, consuming 
shell-fish and having contact with stranded objects. The nuisance factor is judged by 
the offensiveness to sight and smell. The cost factor is judged by the ability and will- 
ingness of a community to pay the price of the improved conditions. 

The physician usually deals with the first, the engineer with the second and the pub- 
lic must deal with the third group. 

Experience has shown that works intended to prevent a nuisance usually prevent 
also the transmission of disease germs. The problem in its most abbreviated form is, 
therefore, reduced substantially to cleanness of sewers and harbor and to the most eco- 
nomical means of securing this result. The cost should be considered in terms of the 
desired degree of relief from unhealthfulness and nuisance, which in the case of our 
Metropolis will, I feel sure, not be unreasonably limited. ) 

The work of the Commission has been extended chiefly to the problem of sewage 
disposal. It has made a very thorough study of the application of all of the known 
means of sewage treatment for the entire Metropolitan area. It has also examined into 
the treatments found elsewhere. Although sewage varies in quantity and quality ac- 


REPORT OF RUDOLPH HERING 251 


cording to the character and occupation of the population, it is remarkably similar in 
its behavior under the different conditions, both when discharged into water or upon 
land. Experiences in even somewhat dissimilar cities can, therefore, be utilized and 
furnish help to form opinions in new cases. 


The Commission has accepted the latest theories of sewage purification and of the 
means of judging and measuring the most efficient conditions and results. 


It has made extensive analyses of the harbor water at different locations and 
depths, both chemically and with reference to bacterial contents, and especially to 
those indicating the presence of sewage. It has made these analyses at different stages 
of the tide and at different seasons. It has studied the currents and the circulation of 
the harbor waters more in detail than was done before. 


The Commission has accepted the recent conclusion that sewage and its suspended 
matter, which once on theoretical grounds was considered valuable on land and here 
and there was temporarily sold at good prices, is now on practical grounds considered 
much less valuable than originally supposed, and is moreover liable to become a nui- 
sance. The conclusion at the present day in most cases, therefore, is that sewage should 
be purified by nature’s method of converting dead organic matter into mineral matter 
by biological processes. The natural methods are: in water an oxidation by the oxy- 
gen contained in solution, and on land by the oxygen contained in the air. 


I agree with the Commission that the floating sewage matter, recognizable as such, 
should be removed and that no thick films of grease, oil or tar should be seen upon the 
waters, although small quantities of oily sleek should be permissible as unavoidable in 
a harbor. . 


I also agree with the conclusion that no sludge accumulations should be allowed in 
the harbor, and particularly in the docks and slips where it is most likely to be. A 
higher standard might well exist for the water in the docks and slips than for that out 
in the channel. 


I do not consider it practicable to make bathing safe within the harbor, nor to 
consume shell-fish that are taken within the same. 


Nor do I consider it practicable or advisable to fix upon any uniform standard of 
cleanliness or of oxygen contained for the waters of the entire harbor. In those of its 
parts where economy demands a greater digestive power for the sewage without pro- 
ducing any nuisance, the standard may well be lower. Where it is not economical to 
draw down the oxygen content very low it will, of course, be advisable to maintain a 
higher standard. If any standards may be fixed in the different parts of the harbor 
they should, in my opinion, be based on the most economical means for preventing a 
nuisance from arising at any time. 

I accept the Commission’s conclusion that wherever possible the sewage should be 
discharged through submerged outlets into a current the nearest available, and not at 
the shore. Whatever means are practicable they should secure as great a dispersion of 
the sewage in the current as possible. 


In order to prevent floating matter from entering the rivers, screens, settling 
basins or floatage chambers should be built at the sewer outlets. 

Grit chambers are suggested by the Commission to collect the grit from the sew- 
age. It is cheaper to dredge the grit from the river than to take it out of a grit chamber 
or catchbasins. It is necessary, therefore, to determine in each local case which dispo- 
sition should be made. Where Imhoff tanks for sludge digestion are built or where the 
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sewage must pass through pumps it is usually found better to previously intercept the 
grit for separate removal. 

I do not consider the existence of turbidity due to rainfalls in the drainage area of 
the Hudson valley objectionable even if it were preventable, which it is not. Nor do I 
consider a very slight discoloration of the water objectionable, such as we practically 
find in all harbors. 

Where, particularly in the lower part of Manhattan, the sewers are below high-tide 
level and have a very flat grade, it may be found quite advantageous and economical to 
rebuild such sewers and to erect electric pumps so as to increase the velocity of the sew- 
age, to keep the sewers cleaner than they are now and to give the sewage quicker dis- 
charge, obviating to a great extent oxygen exhaustion before entering the river. 

I cannot accept the Commission’s conclusion that the average oxygen contained in 
the harbor should not fall below about 58 per cent. of saturation. If the object were to 
maintain the life of major fish I am of the opinion that the value of having the fish in 
the harbor is insignificant when compared with the cost of maintaining such a high 
standard of oxygen saturation. If the object were to prevent a nuisance, then we must 
realize that no nuisance is caused so long as any oxygen remains in the water. If this 
latter is the object of fixing so high and therefore so expensive a standard, I am of the 
opinion that the sludge removal in the harbor, and chiefly from the localities near the 
sewer outfalls, will tend to raise the percentage of dissolved oxygen, and it will also 
tend to cause the oxygen depletion to be more uniform in the harbor waters than it is 
now, although the uniformity is even at present higher than might be expected. The 
safety, therefore, of lowering the permissible percentage of saturation is correspond- 
ingly increased before the probability arises that at any locality the dissolved oxygen 
might entirely disappear. 

There are a number of cases at large cities where the percentage is much lower 
than that proposed for New York without causing the slightest nuisance. If the Lon- 
don standard of 25 per cent. were used in the New York harbor it would give the New 
York waters double the amount of oxygen for sewage decomposition than the standard 
proposed by the Commission. This fact would postpone for years the necessity of build- 
ing works for taking any sewage to the Lower bay for oxidation in its waters. 

I consider a standard of 25 per cent. with frequent sludge removal from the harbor 
bottom a safe protection against any nuisance arising from the water. 

I agree with the Commission that the Metropolitan area should be divided into a 
number of drainage districts, each of which requires somewhat different solutions. 

I also agree to the suggestion that to carry out the most efficient works for the en- 
tire harbor general plans should be made by a central authority and that this authority 
should control the execution of such plans for the entire Metropolitan area a of both the 
State of New York and the State of New Jersey. 

We find central authorities controlling the disposition of the sewage for a group 
of communities in Europe, and also in our country. The chief advantage of such central 
control is to have harmony in the works, to economize in the total expenditure and to 
effect a satisfactory disposal for a distant future as well as for the present time. 

To recapitulate: 

The first remedy required, and one which you have proposed, and in my opinion the 
first one in importance, is to intercept all visible floating sewage matter which now dis- 
gracefully covers large areas of New York harbor. 

The second remedy, and in my opinion second in importance, is to stop the further 
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deposition and putrefaction of sewage sludge on the bed of the harbor, chiefly near 
sewer outfalls, and in the meantime to frequently remove the present sludge accumu- 
lations by suction dredging until sufficient land works are built to intercept the sludge 
and prevent excessive amounts from depositing in the harbor. 

The third important remedy, after having substantially freed the harbor from its 
floating matter and sludge, is to distribute the sewage thus partially treated by such ad- 
ditional sewers to points in the harbor where the dissolved oxygen will naturally oxi- 
dize it to a satisfactory degree, which degree must be determined largely and finally by 
actual experience. 

The fourth remedy is to convey any excessive amounts of sewage which cannot be 
satisfactorily oxidized by the harbor waters alone to the nearest and most suitable areas 
on land for artificial oxidation, as proposed by the Commission, and if sufficient land 
areas are no longer available for treating all of the excess, it would then be necessary 
to convey this excess to the nearest bodies of available water and distribute it in them 
so that it will get the required oxidation. 

I do not consider it necessary to take the last-mentioned steps at the present time. 
A better time than now to decide this part of the problem, in my opinion, is after the 
first, second and third remedies have been applied, when it will be more practicable 
than now to determine whether or not the percentage of dissolved oxygen remaining in 
the harbor waters justified the expenditures of taking the excessive amount of sewage 
to the Lower bay. 


RUDOLPH HERING. 
DECEMBER, 1913. 


CORRESPONDENCE CONTAINING MR. HERING’S ENDORSEMENT OF THE COMMISSION’S RECOM- 
MENDATION FOR THE GRADUAL CONSTRUCTION OF THE LOWER EAST RIVER PROJECT. 


March 13, 1914. 
RvupoLtPH HEeERiNé, Esq., 3 


170 Broadway, New York City. 


DEAR Six: Since your report of November, 1913, was submitted, some of the 
opinions and projects relating to sewage disposal upon which that report was based 
have been so altered in preparation for this Commission’s final report that it seems 
desirable to bring the changes to your attention and to ask your opinion in regard 
to them. 

The changes made affect the minimum percentage of dissolved oxygen permissible 
for the water and the Commission’s plan for the protection of the Lower East river. 
These are the only two subjects upon which you were not in substantial accord with 
the Commission’s views when your report was made. 

With respect to the oxygen question, this Commission considers that it will not 
be necessary to include a restriction as to oxygen in the standard of cleanness which 
should be established as a guide in protecting the harbor against sewage, for if the 
other provisions of the standard are complied with, there will, in the opinion of the 
Commission, be sufficient oxygen in the water to answer the requirements. 

With respect to the plan for the Lower East river, the Commission expects to 
recommend that the same principle of gradual construction be adopted in building 
the main drainage and disposal works which will be necessary for the Lower East river 
as the Commission has advised in the projects which it has proposed for other parts 
of the city. Instead of carrying out the ocean island project with its interceptors, 
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siphon, pumping station, main, island and settling basin disposal plant as one under- 
taking, only the first stages in the execution of this comprehensive plan would be 
undertaken in the near future. . 

The works to be taken in hand at first would be, for Manhattan, an intercepting 
sewer running along the Manhattan water front from the Battery at the south and 
26th St. at the north to a point near Broome St., where a screening and pumping 
station would be located. The screens would operate upon the most efficient principle 
for fine screens. The sewage, after screening, would be discharged well out from 
shore at the bottom of the river through multiple outlets. 

On the Brooklyn side, the sewage would be collected by an interceptor from Clas- 
son Ave. at the south to Newtown Creek at the north to a point near South 8th St., 
where it would be passed through screens like those on the Manhattan side of the river 
and pumped through submerged outfalls lying on the river bottom to a distance suffi- 
ciently far from shore to insure immediate and thorough diffusion. 

The sewage from the rest of the Lower East river territory in Manhattan and 
Brooklyn would be collected for screening and discharge probably to as many points 
as there were sub-divisions or principal drainage areas. When, after these works are 
carried out, it is found necessary or desirable to afford further protection to the 
Lower East river, the city can proceed to construct the siphon to carry the sewage of 
Lower Manhattan heneath the East river to the Brooklyn shore, where, after joining 
the sewage from the screening plant at South 8th St., it would be pumped to sea. 

In the final development of this plan, it will be necessary to construct the pump- 
ing station on the Brooklyn side, the main to the ocean outlet and the island, where 
the sewage will be treated before final disposition. No part of the original construc- 
tion will have to be discarded except the submerged outfalls. 

The Commission believes that the’ idea of proceeding in the manner indicated 
toward the gradual and ultimate construction of the ocean island project may meet 
with your approval, inasmuch as you consider that it will not be necessary to divert 
a large amount of sewage from the Lower East river and that screening and dis- 
charging the sewage beneath the deep, strong currents of the East river will per- 
manently meet the requirements of the situation. The Commission is of opinion that 
the ocean island project will be recognized as a necessity before many years and is 
willing to leave the correctness of its opinion or of your judgment to be determined 
by experience. 

If it never becomes necessary to build the siphon between Manhattan and Brook- 
lyn and carry the sewage to a distant point for disposal, the stage of construction 
which the Commission is now preparing to recommend and which it is hoped you will 
approve of can be left as the completed work. 

Very sincerely, 
(Signed ) GEORGE A. SOPER, 
President. 


, March 20, 1914. 
METROPOLITAN SEWERAGE COMMISSION OF NEW YORK, 
Dr. GEORGE A. Soper, PRESIDENT, 
17 Battery Place, New York City. 
DEAR Sir: Your letter of March 13 is received. Referring in the same to my 
report to your Commission of last November and stating that since then some opinions 
and projects relating to the sewage disposal have been altered by the Commission in the 
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preparation of its final report, you desire to bring these changes to my attention and 
ask my opinion in regard to them. 

First: Your Commission considers that a restriction as to the dissolved oxygen 
in the standard of cleanness is not necessary, because, if other standard provisions 
are complied with, there will be sufficient oxygen in the water to answer the require- 
ments. You, therefore, omit the specific restriction. 

I am fully in accord with this opinion, for I believe it would not only be imprac- 
ticable to maintain a uniform minimum standard for all parts of the harbor water 
at all times, but the securing of other conditions, which-are more readily appreciated 
by the population, such as the elimination of floating matter and sludge deposits, 
will of themselves leave sufficient oxygen in solution for all reasonable requirements. 

Secondly: With reference to the relief of the Lower East river, your Commission 
applies the principle of gradual construction and recommends the taking in hand at 
first the building of certain intercepting sewers along the Lower East river both in 
Manhattan and in Brooklyn, and the location of certain pumping stations with screens 
at the most available points, discharging the sewage well out from shore at the bottom 
of the river through multiple outlets to insure immediate and thorough diffusion. Your 
Commission further states that when the Ocean Island and outlet will be required no 
part of the above construction will have to be discarded except the submerged outfalls. 

Also with this modification of your views of last autumn I am substantially in 
accord. 

In order to increase the dissolved oxygen in the harbor waters, it is my opinion 
that not only the floating matter, but also the sludge, should be retained on land as 
far as practicable, or it should be prevented by suction dredging from accumulating 
anywhere in the harbor. 

Regarding the exact detailed location of the marginal sewers and of the sub- 
merged outlets, they will naturally depend entirely upon local surveys, studies and 
estimates of cost. In general, it is my impression that the outfalls and their pro- 
visional positions have been carefully selected. Although these detailed investigations 
may indicate some changes or additions, the principle of your proposed treatment to 
greatly reduce the present number of outfalls and extend the discharge points well 
out into the current is, in my opinion, the best solution of the problem. 

Very truly yours, 
(Signed ) * RUDOLPH HERING. 


SECTION V 
REPORT OF GEORGE E. DATESMAN, C. E. 


TO THE PRESIDENT AND MEMBERS OF 
THE METROPOLITAN SEWERAGE COMMISSION OF NEW YORK. 

GENTLEMEN: In accordance with a request of your President that an examina- 
tion be made of the conditions existing in the Lower Hudson, Lower East river and 
Bay division of New York City and comparisons be made of the projects for the treat- 
ment of this section, together with suggestions or recommendations relative thereto, I 
have the honor herewith to submit a report. 

The inspections made, both on the occasion of a recent visit, covering several days, 
and upon previous occasions, were confined to the banks of the Lower East river. 
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They were made with a view of reporting upon the most suitable means of collecting 
the sewage along the river front and the merits of locally placed settling tanks as com- 
pared with screening stations. Various alternative projects originating with the Com- 
mission or with others for the treatment and disposal of the sewage tributary to the 
Lower East river were considered. 


PRESENT CONDITIONS 


The Lower Hudson, Lower East river and Bay division comprises the most pop- 
ulous portion of the Boroughs of Manhattan and Brooklyn. An inspection shows that 
the conditions along the Lower East river south of Blackwell’s Island make it difficult 
to deal with this portion successfully. The area contributing the sewage includes a 
great number of high buildings, with density of population. Within its boundaries are 
some extensive docks, upon which are handled much of the commerce of the port. Much 
land, originally marsh, along the banks has been reclaimed by the building of bulk- 
heads and filling. Land values, exclusive of the lofts and office buildings which crowd 
thickly in this area, are higer than in any other part of the city, except toward the cen- 
tral ridge of the Borough of Manhattan. Existing and proposed subways have an im- 
portant bearing upon the drainage problems. 

The Lower East river is subject to tidal flow both from the Upper bay and from 
Long Island sound, which, while giving rise to currents of scouring velocity, do not 
supply sufficient flow either from the bay or sound to replace daily the water that com- 
poses the tidal prism, much less the volume beneath the level of mean low water. - 

Sewers which discharge at the bulkhead line into the docks and at the ends of 
piers into this portion of the river contribute an amount of putrescible matter which, 
flowing backward and forward with the tide, is not sufficiently diffused to hide the 
sewage and grease which deposit in the slips between the docks and elsewhere, creating 
nuisance. The discharge of large volumes of sewage with its suspended solids tends 
to silt up the harbor and in places requires expensive dredging. 

From the progress reports of your Commision it appears that the amount of 
water displaced at each ebb tide is but one-eighth of the volume of the Lower East river 
below low water; that the ratio of the sewage (contributed from a population of up- 
wards of 2,000,000 at present) to the volume of water beneath the level of mean low 
tide is but 1 to 244; that the ratio of this sewage to the tidal prism is but 1 to 32.3; 
that the ratio of this sewage to the ebb flow is but 1 to 5.9, and that the average dis- 
solved oxygen content available for oxidation of the organic matter in the sewage is 
less than 50 per cent. 


FuTURE CONDITIONS 


The conditions at present, being such as to cause nuisance to sight and smell and 
a possible menace to the public health, will unquestionably become accentuated in the 
future. 

The works projected by the Commission for the improvement of the Harlem sec- 
tion provide for the ultimate collection of about 400 million gallons per day of sewage 
to the upper end of Ward’s Island, where it will be treated in grit chambers and set- 
tling tanks and discharged through submerged outlets into Hell Gate. 

A collecting system for the disposal of the sewage of Newark, Passaic and other 
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cities in the Passaic Valley and its discharge in the Upper bay at Robbins Reef is 
under construction by the Passaic Valley Sewerage Commissioners. 

From float experiments made by your Commission in the Upper bay and in the 
East river, it is apparent that with the ebb and flow of the tide the effluent which will 
have to be disposed of by dilution at Robbins Reef and also that from the Ward’s 
Island disposal plant will add to the pollution of the Lower East river. Account 
should also be taken of the increasing quantity of sewage from the Manhattan and 
Brooklyn shores. 

It is reasonable to suppose that by 1940 there will be an increase in commerce, in 
the number of high buildings and density of population, resulting in an increase in 
sewage pollution, without any change in currents or volume of flow in the river which 
will increase its diluting power. 

From calculations published in your progress reports it appears that the ratio of 
sewage to diluting water in the East river in 1940, provided this sewage is discharged 
therein, will be as follows: 


Sewage to volume below low water................... 1 to 132 
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COMPARISON WITH OTHER CITIES 


The City of New York is fortunate in that it is situated upon one of the finest 
natural harbors of the world, and this, undoubtedly, is its greatest resource. The city 
cannot with impunity neglect the conservation of this resource or fail to provide its 
population with surroundings as healthful as modern science will admit. 

The discharge of the wastes of the city into the harbor is a prodigal waste, for 
this practice discourages commerce and is in sharp contrast to the care with which 
other large cities guard their harbors. 

Boston has taken the initiative in the matter of sewage disposal, having cleaned 
up its waterfront and carried its sewage a considerable distance to sea. Whether or 
not this method of disposal will always be regarded as efficient, it clears the way for 
the expenditure of large sums upon its dock system which will no doubt bring results. 

Baltimore is about completing an extensive system of sewage collection and dis- 
posal and is largely increasing its dock facilities. 

Philadelphia igs awake to the necessity of providing more adequate means of sew- 
age disposal than exist at present. It is adding largely to its dock system and is a com- 
petitor for the commerce which comes to this side of the Atlantic. 

European harbor cities, without exception, have considered the construction of ade- 
quate sewage collection and disposal systems essential in connection with their dock 
improvements, and have therefore constructed them. 


GOVERNING FACTORS FOR FINAL DISPOSAL 


In a consideration of the question of the final disposal of the sewage of the Lower 
East river, the essential features are, in my opinion, as follows: 
1. The removal of sufficient of the solids and putrescible matter to admit of the 
river maintaining itself free from nuisance to sight, to smell and to the public health. 
2. Commercial requirements include the removal of floating matter from the sight 
of those using the harbor and the prevention of undue deposits of sewage origin or of 
grit which would silt up the harbor. 
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3. The system determined upon must impose the least damage to any locality 
with consequent depreciation of the surrounding territory. There should be the least 
amount of nuisance or objectionable conditions created in special localities. 

4, The waters which flow out of the East river should not be so polluted as to 
cause unsatisfactory conditions along the banks of the Upper bay, thereby retarding 
development in such sections or causing depreciation in property to the detriment of 
the municipality and individuals. 

5. There should be the lowest construction cost consistent with the improvement 
needed. 

6. There should be the lowest maintenance cost. 

7. The system should be so arranged as to furnish convenient means of organizing 
the operating force. 

8. There should be adopted a system of collection from the mouths of the present 
combined sewers which will not create unsatisfactory conditions in the contributing 
sewers. 

9. This system should minimize the necessity for accessories which are difficult 
to operate and maintain. 

10. The works should provide for collectors which will promptly carry the sew- 
age to the points of treatment. 


METHODS OF TREATMENT STUDIED BY THE COMMISSION 


Various methods of treating the sewage of this section of the city have been 
studied by the Commission, among which may be mentioned the following: 
1. Submerged outlets at various points along the river. 
“Floatation chambers.” 
Grit chambers and screening stations. 
Land treatment. 
Percolating filters and tanks. 
Locally placed tanks. 
7. Removal of the sewage from the Lower East river section and discharge into 
the Upper bay. 
8. Removal of the sewage to an island at sea. 
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1. SUBMERGED OUTLETS 


By this plan the sewage would be collected by means of marginal sewers from the 
mouths of the existing sewer outlets to convenient points along both banks of the 
river and discharged by submerged outlets into the channel. 

A comprehensive examination of the river channels, including that of the Lower 
East river, made by your Commission, has revealed the fact that the amount of pol- 
lution due to sludge deposits on the bottom is considerable, this condition being most 
pronounced in the docks and along shores. 

The disposal of raw sewage under water is favorable to dispersion, but it also 
favors the deposit of sludge into eddies and docks and along mud flats. 

Examinations along the Manhattan shore of the Lower East river at the mouths 
of the existing sewers have shown that the sewage, not being as saline as the harbor 
water, was not readily mixed with the salt water of the river, in consequence of which 
it remained turbid and undiffused for long distances. This, however, did not prevent 
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the deposit of solid, gritty and putrescible matter. Therefore, if the sewage received 
no other treatment than discharge through submerged outfalls, there would be no 
lessening of the amount of material that would be deposited and the amount would in- 
crease with the passage of years. 

It has been suggested that when these sludge deposits form, even though they may 
not become a nuisance by reason of the depth of water over them, they may be re- 
moved by dredging when concentrated in the bottom of the river. Sludge is the most 
difficult material to dispose of in connection with a sewage disposal plant, and it is 
much more difficult and expensive to remove when scattered over many square miles 
of river bottom. 

Such deposits would injure the navigable channels of the harbor. The constant 
disturbance of these deposits by vessels and the removal of the accumulations by 
dredging would be detrimental to commerce and would probably cause more nuisance 
than the present method of disposal. 


2. FLOATATION CHAMBERS 


Floatation chambers, so-called, would consist of enlargements of the mouths of 
existing sewers with properly arranged baffles and sumps to admit of the deposit of 
the grit and the skimming off, by suitable devices, of the floating solids. 

When it is considered that with this scheme the sewers would be subjected to 
fluctuation in velocity due to changes in the tidal level, it is difficult to see how there 
would be a sufficiently uniform removal of either grit or floating solids to constitute a 
satisfactory treatment. Furthermore, the putrescible matter which would be added 
to the river would be but slightly lessened in amount. Therefore, floatation chambers 
should not be considered as an adequate system of final disposal. 


3. GRIT CHAMBERS WITH SCREENS 


It has been considered that a sufficient treatment of the sewage might be accom- 
plished by establishing screening stations at intervals along the shores, each station to 
contain grit chambers to which the sewage would be led by interceptors and pumps 
to discharge the efiluent through submerged outlets into the East river. 

Some examples of European cities may be cited as precedents for this plan. 
Among the German cities which have maintained for some time and are successfully 
treating their sewage by means of grit chambers and screens, may be mentioned Ham- 
burg, Frankfort a/Main, Diisseldorf and Dresden. 

At Hamburg the collecting system is so arranged that none of the sewage escapes 
by overflows directly into the harbor except when diluted with at least four times its 
volume of storm water. The Elbe differs from the harbor conditions at New York in 
that the tidal range is about 19 feet and in the fact that it is fresh water. Therefore, 
there is a greater diluting volume and a more intimate admixture of the sewage effluent 
with the harbor water than would be the case in New York. In the other cities, one 
upon the Elbe, another upon the Main and another upon the Rhein, the conditions 
are similar to those at Hamburg as to the character of the water, though there is no 
tide. : 

The dilution at Dresden is much greater than the dilution possible in the Lower 
East river calculated on the basis of the tidal prism. The dilution at Frankfort on 
the Main at times of low stages due to lack of rain is 1 in 30; at mid-stage 1 in 1,000; 
high-stage, 1 in 3,000. At Disseldorf it is 1 in 1,000 at low stages of the river. 
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One of the advantages which is claimed for screening stations is that they require 
but little land and therefore would result in great saving over larger though more effi- 
cient works. 

In considering the advantage to be gained by the installation of screening stations 
over the conditions which now exist, it may be stated that the efficiency of screens 
varies from 10 to 60 per cent. in the removal of suspended matter. In the investigation 
made by your Commission, it was found that the effectiveness of screens was about 20 
to 25 per cent. 

It has been shown that the solids removed by screens are largely non-putrescible, 
and it is doubtful whether the resulting benefit to the river into which disposal is made 
will be more than one-half the above-mentioned percentages. Although probably of 
considerable use in other parts of the city, I do not think the benefit to be gained by 
screening will admit of this process being accepted as a final and effective method of 
disposal for the Lower East river section. 


4. LAND TREATMENT 


The possibilities of land treatment for the sewage of New York are admirably dealt 
with in the progress reports of your Commission. There is unquestionably not suffi- 
cient land available within reasonable distance to admit of such a system as is in use 
in Berlin and Paris. Land treatment for large cities in England has in nearly every 
case been abandoned, not only because of the large areas required and the expense, but 
because of the objectionable conditions, approaching nuisance, which have arisen in 
connection with them. 


5. PERCOLATING FILTERS 


Percolating filters as a means of oxidizing sewage and obtaining an effluent that 
is non-putrescible and therefore fit to be discharged into a stream without nuisance 
afford one of the most rapid and effective methods of sewage treatment known. 

In the matter of precedent, we have the treatment of 30 million gallons per. day 
in Birmingham, England; 614 million gallons in Wilmersdorf near Berlin, Germany ; 
1214 million gallons in Columbus, Ohio; 22 million gallons provided for in Balti- 
more, Md., and various smaller plants throughout this country and especially in 
England. 

While this treatment would doubtless afford adequate protection to the Lower 
East river, there is no precedent for a single plant or group of plants that would take 
care of 200 million gallons a day and upward. They certainly should not be located 
in the occupied portion of the city. | 

The City of Philadelphia is making careful studies of the advisability of install- 
ing percolating filters to take care of the sewage of the entire city, exceeding three- 
quarters of a billion gallons, but in the absence of information to indicate how much 
nuisance from odors and flies would be created by this vast area of percolating filters, 
it is questionable whether the scheme will actually be carried out. If, as is done in some 
American plants, two million gallons daily can be treated upon one acre, it would 
require no less than 100 acres of filter beds to treat the sewage from the Lower East 
river section. 

One of the progress reports of your Commision indicates that there is no suitable 
land within a reasonable distance of New York City which can be obtained at a cheap 
enough figure to make treatment by filters economical. Unquestionably they would 
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produce an inadmissible nuisance if constructed within the built-up sections of 
the city. 


6. LOCALLY PLACED TANKS 


The plan of treating the sewage of the Lower East river in settling tanks con- 
centrated at one point would be open to the same objection, lack of available land, as 
that mentioned for percolating filters. 

The idea of locating settling tanks along the shores of the river at suitable places, 
either under the surface of the streets or on purchased property near the marginal 
avenues, has received careful consideration from your Commission. The sewage, 
brought to the works by a system of interceptors, would be passed through the tanks 
for a suitable period of time, say two hours, so as to admit of the deposition of the 
heavier suspended solids and a part of the putrescible matter. 

The results of my studies and observations in Europe and America compare 
favorably with the deductions as to the comparative efficiency of screens and settling 
basins published by your Commission. 

If a tank of proper design would remove in two hours 60 per cent. of the solids 
capable of settlement, or 50 per cent. of the total solids, it does not follow that the 
putrescible matter which produces nuisances would be reduced in the same proportion. 
Rather less than one-half this reduction, or 20 to 25 per cent., is the most that can be 
expected in the reduction of the organic matter, which is the material which has an 
avidity for oxygen and tends to its depletion. 

Tank treatment does not result in a removal of much of the discoloring property 
of sewage. Consequently, even with the best practicable admixture with harbor water, 
by means of submerged outlets, the presence of the sewage in the water might be de- 
tectable by sight. 

During storms the increased quantity of sewage would necessarily decrease the 
settling period and consequently increase the amount of solids discharged into the 
river with a consequent effect upon its color and turbidity. Tank treatment, there- 
fore, where applicable, would be more effective than screens. 

Following is a concise statement of the main argument for and against locally 
placed settling basins of various types as applied to the Lower East river conditions. 

a. Tanks Placed Under Streets Along the Lower East River. 

Tanks placed under the streets would possess the following advantages and dis- 
advantages: 

Advantages. The number of tanks needed could be adjusted to the requirements 
of the existing sewer outlets. They would effect a saving in the cost of interceptors. 
They would afford a convenient means of disposing of sludge, since this could be done 
by pumping to a barge which would carry it to sea. 

Disadvantages. There would be many difficulties of construction. There would 
be danger from confining the gases of putrefaction, giving rise to the possibility of ex- 
plosions and injury to adjacent buildings. The operation would be difficult, owing to 
the organization being divided into many units. Proper inspection of the workings of 
the plants would be difficult—a matter of much importance—since settling basins must 
be operated properly in order to avoid nuisance. There might be danger to the health 
of the employees working under these unfavorable operating conditions. There would 
be real or supposed damage to property and probably legal injunctions against the 
plant in case of nuisance. There would be difficulty in sinking the caissons for the 
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proper construction of the tanks in land adjacent to the river, with the possibility of 
upward pressure distorting them. There would be much interference with traffic 
during construction and some risk of interference with same when in operation. 


b. Tanks Located on Property Adjacent to Streets for Treatment of the Combined 
Flow of Several Sewers. 


Advantages. AS compared with a plan to take the sewage to a distant plant for 
disposal, ability to treat the sewage near the point of production. Saving in the cost 
of siphons, along outfall, conduits built as tunnels and expensive terminal works. 
Saving in the amount and cost of pumping by taking advantage of daily low tide for 
discharge of effluent in part without pumping. 

Disadvantages. Owing to the occupation of all the land by buildings on both the 
Manhattan and Brooklyn shores, the cost of obtaining land at points near the river 
would be great. The land upon the Manhattan side is valued at from $200 to $500 per 
front foot of 100 feet depth. On the Brooklyn side it is valued at from $100 to $200. The 
area required for tankage to treat 20 to 25 million gallons of sewage per day is 100 
by 300 feet, and to dispose of the dry-weather flow alone, amounting to upwards of 
200 million gallons per day, would require no less than from 8 to 10 such units. There 
would have to be added to this the cost of the buildings which might happen to be on 
the various sites; these buildings would have to be purchased and removed. It would 
be impossible to utilize the land over the tanks for the construction of buildings be- 
cause of popular prejudice, if not, for reasons of health. There would be a deteriora- 
tion of the surrounding property resulting from real or supposed nuisance created by 
occasional uncontrollable conditions of operation. 


c. Tanks Removed Several Blocks from the River. 


The same advantages and disadvantages would apply to tanks located some dis- 
tance inland as to tanks placed near the river front, and there would be the added dis- 
advantage of greater difficulty in disposing of the sludge. Sludge storage tanks 
would have to be provided; sludge mains would have to be laid; there would be need 
of additional conduits to carry the effluent from the tanks to the point of final dis- 
posal and there would be much interference with traffic during the construction of 
the works and the rearrangement of the underground structures. 


TYPES OF TANKS 
A. Hmscher Tanks 


Advantages. Ability, when properly operated, to avoid nuisance due to odors. 
Facility with which the sludge can be cleaned out. Reduction in the quantity of 
sludge produced. 


Disadvantages. Difficulty of building the tanks under New York conditions. The 
space required: If placed in line they would take up an area of 40 feet by 340 feet for 
the treatment of 12 million gallons per day. At this rate Emscher tanks would re- 
quire, for the total output of 203 million gallons per day, no less than 20 plants, ag- 
gregating more than a mile in length. There is no precedent for the construction of 
such tanks under these conditions. There would be great difficulty in removing the 
sludge from the tanks in the closely built-up sections of the city. Danger of confining 
the gases generated under street surface, resulting in possible fire risk and explosion 
and injurious effect upon employees. 
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B. Dortmund Tanks 


Advantages. Practically the same as with Emscher tanks, except that there would 
be more odors produced. 

Disadvantages. The same as with Emscher tanks, except that the depth, difficulty 
and cost of construction would not be so great and the resulting volume of sludge 
much greater. 


C. Plain Sedimentation Tanks 


Advantages. As compared with the preceding, they are nil. 

Disadvantages. Impossibility of cleaning out the sludge without removing the 
supernatant liquor. Nuisance created while sludging. If operated with chemicals, 
the difficulty in storing, handling and applying the chemicals. Increase in amount of 
sludge and putrid condition of the chemical sludge. 


D. Tanks Subject to Tidal Influence 


Advantages. Saving due to lack of necessity for pumping. 

Disadvantages. Inability to secure uniform flow and consequently uncertain per- 
centage of solids removed and fluctuation in quality of effluent. Inefficient operation 
during periods of very high tide. Probability of silt deposits forming in the collectors 
at high tide. Inability in case of injunction to change or utilize any part of the tank 
system should the sewage be ultimately carried to distant points for disposal. 

The use of submerged outlets, which in German cities is considered essential for 
proper dilution, is an accessory that should be considered in connection with all these 
methods of disposal. 

Opinion Upon Tank Treatment. The cost of effecting a disposal of the sewage of 
the Lower East river section by means of tanks locally placed, at the point of receipt 
of the sewage, would undoubtedly be less expensive, notwithstanding heavy land pur- 
chases, than the cost of any plan to carry the sewage a considerable distance away. 

Studies made in Philadelphia for tanks placed under the surface of the streets 
established the fact that while this principle may be applied in isolated cases, it is not 
generally applicable because of the large space required. In some cases nests of 25 
tanks would take up the space under the streets for two blocks and extend over into 
the cross streets, introducing into the construction and operation so many untried and 
uncertain factors that, upon this ground, and that of expense as compared with the 
benefit to be gained, the project will not be recommended. 

It is inadvisable to place settling basins beneath the streets of New York because 
of the weight of the disadvantages over the advantages named and for the reason that 
the small benefit that would accrue to the river over present conditions is negligible. 
It is worth noting, also, that there would be a lessening of the benefit to be derived 
with the passage of time. 

There is no precedent for an installation of settling basins of the size required. 
The experience with tanks, though satisfactory as at Frankfort-on-the-Main, Birming- 
ham, Manchester, London and elsewhere in England, does not, in my opinion, justify 
the discharge of the sewage from such a plant into this section of the harbor. The 
amount of dilution is comparable with Birmingham and Manchester only, due allow- 
ance being made for the different action of sewage whether discharged into fresh or 
salt water. 
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It is therefore concluded by me that while the benefit to be obtained from locally 
placed settling basins would be considerable, it would not be sufficient. Furthermore, 
this plan would not lend itself to the development of any scheme for carrying the sew- 
age to a distant point for disposal, so that, should such a development be later found 
advisable, the sums expended for the settling basins would be wasted. 

Treatment by passing through tanks on the lower end of Blackwells Island in the 
East river is open to the same objections in regard to the pollution of the Lower East 
river as exist in regard to tanks locally placed, although it would have the advantage 
of less cost for the necessary land upon which to erect the plant. This advantage 
would be largely offset by the cost of the siphons to the island. 


7. REMOVAL OF THE SEWAGE TO THE UPPER BAY 


From progress reports issued by your Commission, it appears that a study has 
been made to carry the sewage to some point in the Upper New York bay where the di- 
luting water is of such volume as to give a smaller ratio of sewage to diluting water 
than would occur in any other part of the inner harbor. The proposition would be to 
construct an artificial island immediately south of Governors Island and, after treat- 
ing the sewage in tanks, discharge the effluent by submerged outlets into the main 
channel of the bay. 

This plan would have the advantage over locally placed tanks of eliminating the 
high cost of the land required for the tanks and it would avoid the necessity of de- 
stroying the existing buildings and of depreciating surrounding property in valuable 
sections of Manhattan and Brooklyn. In addition, it would accomplish the entire re- 
moval from the Lower East river of the polluting sewage which now empties therein. 
It would prevent sewage material and deposits of sludge from collecting and lying 
stagnant in the docks with the consequent nuisance to the public and to the com- 
mercial interests. It would also have the advantage of a concentrated operating organ- 
ization. 

An outlet island in the Upper bay would have the disadvantage of being difficult 
and costly to construct and would present a menace to the cleanliness of the water in 
the Lower East river, due to a tidal flow which would carry the effluent from the 
island in that direction. This condition would cause polluticn and turbidity of the 
Lower East river water in addition to that which would be introduced therein by rea- 
son of the discharge from the works at Wards Island to the north and from the Passaic 
Valley sewer at Robbins Reef to the south. 

Another disadvantage, and one of no mean proportions, would be in the creation 
of a popular prejudice against the development upon a high plane of that portion of 
the Boroughs of Brooklyn and Richmond which lies to the east and south of the site 
of the works. This might result in a great depreciation of land values and, by reason 
of an occasional concentration of the effluent from the sewage works, become a source of 
nuisance to future inhabitants of this territory, resulting in stagnating the growth of 
these portions of the city. It might become a matter of policy, due to increase in pop- 
ulation and of the amount of sewage furnished to the Wards Island works, to carry 
a certain proportion of the sewage which would ultimately be collected at Wards 
Island to the island below Governors Island for disposal. If this were done there 
would be a cumulative objection against this point of disposal. 

In addition, such unsettled materials as might be discharged with the effluent 
might aid in silting up the channel, requiring costly dredging. 


REPORT OF GEORGE E. DATESMAN 265 


Furthermore, the turbidity of the water in the Upper bay would be such as to af- 
ford ground for unfavorable comment, on the part of persons on incoming and out- 
going vessels and among those who cross the harbor daily, as to the sanitary facilities 
provided by New York. The works themselves might not be free from objectionable 
characteristics. It therefore appears that by this scheme the city would be unable to 
rid itself of the visible presence of sewage and the odors arising therefrom. 

The cost of works of this kind would be materially less than some of those pro- 
posed, comparing favorably on this score with the scheme for locally placed tanks, but it 
would be much greater than the latter in the betterment which would be afforded to 
the Lower East river. 


8. REMOVAL OF THE SEWAGE TO AN ISLAND AT SEA 


In comparing the studies for the various methods, there appears to be an advan- 
tage in removing the sewage a long distance from the point of production. 

I am strongly impressed that it is desirable to carry the sewage to a point where 
the disadvantages which apply to the Governor’s Island site can be eliminated, because 
this would protect the interests of all localities of the city in the matter of real estate 
development and, for all time, remove, without possibility of pollution, all the sew- 
age from the concentrated area adjacent to the Lower East river, thereby relieving 
this river and contiguous parts of the harbor of the burden of oxidizing the sewage. 

The amounts of sewage effluent which would be discharged at Ward’s Island and 
at Robbins Reef. are reasonably well known, therefore it should not be difficult to in- 
sure for this portion of the harbor a dilution which would be sufficient to avoid nui- 
sance, turbidity, greasy slime or the deposit of such silt as may come from the streets. 

The advantage of carrying the Lower East river sewage to a distant point for dis- 
posal is that all the objectionable features, except that of expense, which are apparent 
against the various other schemes mentioned separately or collectively, would be elim- 
inated. The cost should not prevent the accomplishment of the desired object. 

The relation which the City of New York bears tothe other cities of the world is 
unique. Its growth has been so rapid that it is not unreasonable to predict that even 
at the time provided for by your Commission, namely, 1940 to 1950, it will be the lead- 
ing city in the world in wealth and population. 

As other cities with great harbors have recognized the importance of a sanitary 
treatment of their sewage as the one essential accompanying the construction of a 
great dock system, it is apparent that the City of New York, to maintain its commercial 
and metropolitan leadership, must not be satisfied with any scheme of sewage disposal, 
the success of which is doubtful. 

The difference in expense between a plan of sewage disposal which is experimental 
or temporary and one which can confidently be expected to be satisfactory should not 
be controlling when works are contemplated which are to last through the present 
century. 


THE COMMISSION’S PROJECT 


Your Commission, after a careful study of details and a comparison of existing 
conditions elsewhere, has arranged a comprehensive scheme which is well adapted to 
the situation. Although collectively monumental, there is ample precedent for each 


part. 
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Briefly, this scheme consists of carrying the sewage, which now collects and de- 
posits in the docks, to convenient points along the marginal avenues and then convey- 
ing it by deep collectors and an inverted siphon under the Lower Hast river to some 
point upon the Brooklyn side, where it would be pumped through a conduit built in 
tunnel through the high land of southwestern Brooklyn under Coney Island and the sea 
to an island about 314 miles off the shore. The total length of the conduit beyond the 
pumping station would be about 13 miles. 


The construction of interceptors to collect the sewage from the sewerage systems 
which now pollute the river fronts is a standard practice both in American and Euro- 
pean cities. 

The building of the deep conduits and the siphon under the river have their 
precedents in the remarkable success which has heretofore been achieved in the City 
of New York in the matter of tunnel construction over that of any other city in the 
world. The improvement in tunneling machinery, by reason of the impetus given it, 
will facilitate such construction and enable engineers to estimate very closely upon 
the length of time required and cost of construction. 

The design of recent pumping machinery is undergoing some revolutionary 
changes. The use of oil for fuel has cheapened this work and recently there has been 
installed pumps upon the explosion principle which show great economies. 

It is reasonable to suppose that even greater improvements will be made within 
the next few years, so that the matter of pumping 200 million gallons of sewage daily 
will be accomplished at a comparatively low cost and with no great difficulty. 

The site for the proposed island has been chosen upon a natural reef flanked on all 
sides by deep channels and ocean currents. As the reef has withstood the storms of 
many years and, from information obtained, has remained unchanged for the greater 
part of a century, conclusive proof is afforded that the foundation for the proposed 
island will be durable. 

Disposal at this location has all the advantages which have been mentioned for 
the other schemes, individually and collectively, except as to expense. In addition, it 
entirely avoids danger of nuisance and depreciation of any of the property within 
Greater New York, as far as the sewage from the Lower East river is concerned. 

Float experiments, carried on over a whole season, indicate unquestionably that 
the effluent which would be discharged at this island would never reach the entrance 
to the Narrows nor menace the pleasure beaches at Coney Island and Rockaway. 

For the construction of this sea island there is no precedent in sewage disposal 
works. Similar constructions, however, have been made in New York, and many per- 
manent structures have been erected in connection with harbors and fortifications in 
other cities of the world having open harbors. The methods to be applied are well 
known and do not present any insurmountable difficulties. The island would be as 
capable of resisting the onslaughts of storms from the open ocean as would a break- 
water at the mouth of a harbor. 

The system of treatment, after the sewage reaches the island, would be by means 
of settling tanks, the grit and large solids having been extracted in grit chambers 
and screens at the pumping stations or, if desired, elsewhere along the line of the main 
collecting sewers. 

The discharge of the effluent from settling tanks through submerged outlets into 
the waters about the island would be favorable for diffusion at all stages of the tide. 
The currents would serve to distribute it and to increase the diluting volume. 
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The disposition of the sludge would be simple. The proximity of the open ocean 
would enable sludge steamers to carry it to sea, finding there such a dumping ground 
as would prevent the return of any material to the shores. 


THE PRINCIPLE OF GRADUAL CONSTRUCTION 


The island scheme is flexible and extensible and I agree that it should be carried 
out in progressive stages. Should the amount of sewage which ultimately reaches 
Wards Island be such as to cause undue turbidity in the waters of the Lower East 
river or along Long Island Sound, it would be practicable to carry the sewage by tun- 
nel from Wards Island to the junction with the proposed outlet tunnel or to con- 
struct a duplicate tunnel to the island for the disposition of this sewage. 

Progressive Steps. The island plan of disposal lends itself readily to progressive 
construction and the steps which you have indicated appear to me to be the proper 
ones to take. The first step should consist of the construction of the interceptors, 
which are essential in any case. The sewage, until such time as the East river becomes 
overtaxed, should be collected at one or more suitable stations upon both shores of 
the Hast river, passed through screening stations and pumped through multiple sub- 
merged outlets. This would relieve the worst of the present insanitary conditions. 

Precedent for the operation of screening stations for a population equal to that 
to be served in this portion of New York City without nuisance exists in the city of 
Hamburg, Germany, where there is placed upon a marginal avenue corresponding 
with West street, adjacent to docks corresponding to those of the East river and im- 
mediately across the avenue from the State Nautical School, a screening station for a 
population of about 800,000 and another station for 200,000 in the midst of the 
warehouse district. 


Inasmuch as the water of the East river, as regards dissolved oxygen, would not 
be appreciably improved, I am of opinion that this treatment would be warranted for 
a time only, or during the construction of the deep, connecting interceptors and the 
siphon under the river, together with the deep tunnel to the site of the island, or until 
such time as the extent of the relief required in the Lower East river was recognized 
as greater than could possibly be afforded by the use of screen stations. 

The submerged outlets could be abandoned, or even the screen stations could be 
eliminated with comparatively little loss, in view of the small area required for the 
latter and the ability to utilize the pumps in the pumping station to be located else- 
where. It is readily seen that the project of establishing screening stations lends itself 
as a step in the accomplishment of the greater scheme. 

The next step would be to combine the Manhattan and Brooklyn sewage by 
siphon and pump it to sea, discharging it through a crib* freely into the waters of the 
ocean. The crib construction could be used as the nucleus about which the island 
would be built later. 

The third step would be the construction of the island and the building of the 
settling tanks with submerged outlets for the effluent. 

Should it be practicable to accomplish the results aimed at both in the removal 
of the sewage from the Lower Hast river and the prevention of the return of sewage 
matter to the shores adjacent to New York City by the crib project without the use of the 
island, the construction of the island might be indefinitely delayed. 


*This step is not recommended by the Commission. For details of proposed plan, see Part II, Chap. VI, p. 99. 


268 REPORTS OF EXPERTS 


With the foregoing principles and plans of your Commission I am in full agree- 
ment. All the essential features are in accordance with well-established engineering 
practice. 


PRECEDENT FOR REMOVAL OF SEWAGE TO A DISTANCE FOR TREATMENT 


There is ample precedent for the removal of sewage to a considerable distance for 
disposal, as the following examples show: 

Berlin. In the city of Berlin there have been established twelve pumping dis- 
tricts, to each of which a certain proportion of the sewage of the city is conducted, and 
from which the sewage is pumped to works consisting of irrigation farms, through 
force mains, in a number of cases 10 miles long and in two cases 15 miles long. One of 
the twelve pumping stations has a daily capacity of about 7514 million gallons. Sev- 
eral of the larger pumping stations collectively have a capacity greater than that re- 
quired for the Lower East river sewage. 

Paris. The whole of the drainage of Paris is prevented from reaching the GAIN 
within the city limits by means of interceptors and is carried through an outfall con- 
duit to a distance of 17 miles from the westerly boundery of the city. The sewage is 
applied to sewage farms. It is anticipated that within the near future a more modern 
method of sewage disposal will be projected and later installed. 

London. The sewage of London is intercepted by high-level interceptors, where 
practicable, and carried by gravity to works at Barking, situated on the north side of 
the Thames, a distance of 1214 miles from the center of the city. On the south side it 
is collected at Crossness, 14 miles from the center of the city. 

Other interceptors along the Thames collect the low-level sewage and this is 
pumped to the high-level interceptors. This system has been successful in removing the 
pollution formerly existing along the banks and in the docks of the harbor, making 
conditions about the parliament and other public buildings objectionable. 

The treatment of the sewage is by tankage, chemical precipitation and discharge 
during ebb tide. 

Philadelphia. The project for the collection of the sewage from the extensive area 
within the City of Philadelphia includes, as far as decided upon, the carrying of the 
sewage to two points for disposal. The more remote of these will require the construc- 
tion of collectors, which, with the contributing sewers, will cause the sewage to travel 
12 miles. 


FEATURES OF DESIGN 


The methods available for collecting the sewage from the Lower East river section 
of the division under discussion are various. The use of collecting sewers is essential 
and their locations and types are matters to which you have given much study. You 
have prepared many alternative projects, including interceptors at high and low 
levels, near and remote from the waterfront, deep-lying and near the surface of the 
ground and with and without regulators and tide-gates. It is unnecessary to describe 
these plans here, but I will discuss the topic of collectors from my own point of view. 

The highest efficiency in any collecting system is accomplished when the mini- 
mum of pumping is required, both as to quantity and lift. 

The choice between a high-level system, which would avoid pumping, and a low- 
level system, requiring pumping, or a combination of both, is made upon the well- 
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known rule that pumping should be avoided wherever possible, even at the sacrifice of 
some of the results which are desirable. 

Where, by reason of the advisability of rebuilding sewers on the separate plan 
within the area served by a low-level intercepting system, the use of the high-level sys- 
tem is thought inadvisable, there is usually some practicable mean where the low level 
may be in part converted to a high level, thereby: lessening the amount of pumping re- 
quired and the area over which it is necessary to rebuild the system. 

In my examination of the collecting systems I was impressed by the fact that, 
especially in the German cities, the interceptors had been planned and were operating 
more economically than is the case in the usual American city. In fact, I know of no 
case in this country where the same principles have been followed. 


High- and Low-Level Interceptors 


It might be proposed to carry a high-level interceptor by deep tunnel close to the 
ridge of Manhattan Borough and a similar sewer a considerable distance away from 
the river upon the Brooklyn side. The advantage would be that these interceptors 
could be built without interfering with traffic, subways or underground structures. 
Owing to the fact that a majority of the sewers in the areas of lower Manhattan and 
Brooklyn are subject to tidal influence fora considerable distance from their outlets, 
the construction of such high-level interceptors would leave extensive areas in which 
there probably would be required the reconstruction of existing storm sewers and the 
addition of the sewers which would collect the house drainage to low points, where it 
could be pumped into the high-level interceptors. 

The difficulty of the latter construction, due to interference with traffic, the net- 
work of underground structures, the cutting up of the district by proposed subways 
and the cost of requiring alterations in the plumbing of many houses, added to the 
large cost of repaving the streets, would appear to make the approval of this proposi- 
tion inadvisable. 

The placing of interceptors along the marginal avenues crossing under the in- 
verts of the existing outlet sewers would avoid reconstruction and the introduction of 
the double system of sewers in a large territory, but would be attended with the diffi- 
culty found in deep foundation work and would probably require the use of compressed 
air at considerable cost. It would add to the pumping cost and maintenance, would 
require the use of regulators and tide-gates, all of which are more or less unreliable in 
their action, and would require constant maintenance. 


Connections With Interceptors 


A method of designing interceptors, which may be discussed in relation to the New 
York project, is the system which has been practiced in most of the European cities, 
notably those in Germany, consisting of a conduit across the mouths of the existing 
outlets entirely excluding the sewage collected therein from the harbors or streams. 

This system has the disadvantage of requiring larger cross-sections for the sewers, 
but, on the other hand, the increased size, allowing flatter grades, would save in the 
depth to which the construction would otherwise be carried. 

The system involves placing, at intervals, overflow dams with storm-water con- 
duits to the river so that when the flow is collected from a number of sewers, to which 
has been added storm water from 3 to 6 times the dry-weather flow, the diluted sew- 
age overflows the dams and reaches the harbor. 
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The only regulators which would be required under this system are the dams them- 
selves, automatic tide-gates being unnecessary, except as in the case of Hamburg, 
where, by reason of large tidal range, the sewers are called upon to act as a reservoir 
for a part of the time. 

The elimination of moving part regulators and tide-gates are matters to be care- 
fully weighed, as their use is unreliable and would tend to increase the operating cost 
and possibly at times overtax the pumping stations. 

A system which is a modification of the principles in use abroad, which would 
admit of considerable saving over the usually applhed American system, has. been de- 
veloped in the case of the collectors at Philadelphia. 

It has been found economical to build both high- and low-level sewers, carrying 
every cubic foot of sewage practicable by gravity to the treatment works. In the low- 
level system, by substituting a dam to exclude tide water in the combined sewer at 
such a point removed from the outet that the crest will not rise beyond two-thirds of its 
vertical diameter, large tide-gates at the outlets may be eliminated. Thus to the ad- 
vantage due to grade in the sewer, saved in the depth of the main collector, is added 
the advantage of carrying the interceptor through the dam, resulting, in some cases, 
in raising the whole length of the interceptor from 6 to 10 feet over its position in 
the usual American plan. This, of course, involves the construction of a system of do- 
mestic-sewage sewers in streets tributary to the main combined sewer below the dam 
and the making of new house connections. 

The effect is to leave open to tidal fluctuation that portion of the combined sewer 
between the dam and oulet. If the sewage is carried away from a river, even the tide- 
locking of this portion of the sewer should not be a detriment to the intercepting 
sewers, which are not affected thereby in a pumping system. 

The benefit in the item of cost of a long interceptor, by being able to raise it from 
6 to 10 feet, is apparent; also the saving due to decreased lift at pumping stations. 

Where grades of combined sewers admit, additional savings may be made in 
depth of interceptors by placing them at some distance from the marginal avenue. 
This should, however, always permit of a house-sewage sewer, when running against 
grade, reaching the interceptor. 

Another accessory of this plan is the introduction of overflow chambers of en- 
larged section to admit of carrying off the storm flow into the conduit below, wherever 
the dams are introduced. 

In Philadelphia it has been planned to introduce such dams, even in lowes 
areas where tidal influence extends between 4,000 and 8,000 feet from the outlets. The 
dams will be placed at about 2,500 feet inland from the river, involving the building 
of a separate system of sewers in the territory below the dams and carrying of the 
drainage back to the main collector. Light grades may be used on the small sewers, 
which may be flushed at high tide from the river, either automatically or by hand- 
operated gates. 


Suggestions Applicable to New York 


The placing of such interceptors as have been described along the Lower East 
river in both Manhattan and Brooklyn Boroughs would, in my judgment, result in 
economies in first cost; would reduce to a minimum the area that would be required to 
be sewered upon the “aonble system and, if placed generally about two blocks back from 
the river, would interfere less with the traffic; would admit of the house drainage 
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from the river front being carried backward for these two blocks into the main inter- 
ceptors; would gain considerable from the depth, due to the grade of the existing 
sewers; would proportionately lessen the lift required of the pumps, and would raise 
the head upon any siphon which would be put in the final scheme for disposal at a dis- 
tance, thereby lessening the lift for pumping and consequent cost for all time. 

As to precedent, it may be mentioned that Hamburg has a tidal range of 5.8 
meters. This city, especially along the routes of the main interceptors, is intersected 
by canals and is, therefore, very flat. Notwithstanding this fact, the interceptors carry 
across the mouths of the combined sewers, overflows for storm water being secured at 
convenient intervals by the water rising above the dams fixed to carry to the works 
several times the dry-weather flow. By means of tide-gates upon storm overflows, the 
harbor water is excluded, the conduits discharge when the tides are favorable, the sys- 
tem acting as a reservoir when they are unfavorable. Cleansing velocities are obtained 
at low stages of the tide. As this is a screening system, the fluctuation of flow is not 
material. 


If, therefore, a low-lying city like Hamburg can discharge from combined sewers 
through collectors whose inverts are below sea level without resorting to pumping, 
as is the case in the north side station, it may be practicable by study of the New York 
marginal collectors with a certain amount of reconstruction of the local sewers to ac- 
complish equally good results. 


In some cases, at least, pumping may be lessened, especially if the proposed tem- 
porary screen stations are installed on the banks of the Lower East river. 

While Hamburg is most analogous to New York, with the advantages of topog- 
raphy in favor of the latter, the same general scheme is carried out in other Euro- 
pean cities where tidal conditions do not prevail, but where flood water heights in the 
rivers must be contended with, notably at Leipzig, Dresden, Frankfurt a/Main, 
Munich, Vienna and Paris. 

The types of interceptors are such as to provide proper sectional area in the in- 
verts for dry-weather flow, with additional provision for collecting the storm water from 
the combined sewers and carrying it to suitable places for discharge. The dams used 
are placed at about or above the springing line of the interceptors, the flat-section storm 
conduits discharging without tide-gates in most cases, the invert of the interceptor 
being under the low-water stages, or, as in the case of Hamburg, under the sea level. 

In an examination of the profiles of collectors along the Manhattan and Brooklyn 
banks of the Lower East river section, as published in Preliminary Report VI of your 
Commission, it appears to the writer that, notwithstanding the statement that the 
sewers are in many cases tide-locked at high tide, the elevations of the existing sewer 
outlets lend themselves to a collecting system similar to that just described. The 
feasibility of this, however, is dependent upon there being a considerable fall in the 
tributary outfall sewers toward the river. Should examination prove the practicability 
of this plan, the interceptors should be built with falls generally as shown upon your 
diagrams, but at an elevation which would place them directly across or slightly below 
the mouths of the existing sewers and bring the sewage to the proposed screen stations 
at such elevations as to permit of discharge through screens with a minimum pumping 
lift. This of necessity would require storm overflows without tide-gates, in some cases 
the present outfalls being utilized; in others conduits one or two blocks long being 
specially constructed. 

This system would require a considerably larger cross-section than has been 
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planned, but would avoid tide-gates and would gain possibly one-half of the total depth 
as planned, thereby admitting of open-cut construction without the use of compressed 
air tunneling methods. It would be somewhat objectionable on account of inter- 
ference with traffic. 

The tidal circulation through the system would continue the present condition of 
fluctuating velocities, but this would be compensated for by the saving in cost of smaller 
pumping stations, especially if they were temporary, and could later be abandoned. 

If tidal flow through the collectors is considered inadvisable, sewers of the same 
sizes as those projected could be placed at elevations possibly one-half the depth of 
those shown upon your plans, especially if they are placed along avenues, say two 
blocks from the marginal streets, or about midway between the river and the limit of 
tidal influence. These sewers could deliver the sewage at an elevation requiring pump- 
ing for a portion of each tide only. 

But a comparatively small area would require to be supplied with house sewage 
sewers, say two blocks, the drainage being carried by gravity into the main collectors. 

It would also lend itself admirably to the final disposition at the ocean outlet 
island and would save the capitalized cost of lifting, by pumps, 200 m.g.d. through 
the number of feet saved in the depth of the interceptor. 

The former scheme would require no regulators except overflows, but would not 
divide the sewage from storm water as well as the latter, until the installation of the 
pumping station to the island. 

Should the latter installation be found feasible it would involve the construction 
of dams in the storm sewers, with overflow chambers, and regulators to intercept a cer- 
tain amount of sewage during storms, especially after the introduction of the pumping 
station to the sea island. 

I am, therefore, reasonably sure that a higher low-level collecting sewer than the 
one you have planned would be feasible, not only for this section, but in other marginal 
sections, at a great aggregate saving in construction cost. This would, in my opinion, 
result in a considerable reduction in the capitalized cost of operation, thereby strength- 
ening the argument in favor of your comprehensive scheme of disposal for this division. 


CONCLUSION 


After a careful consideration of the various projects discussed in this report for 
the collection and disposal of the sewage from the Lower East river section, I am of 
the opinion that the use of collectors is essential for any satisfactory system of disposal. 

Locally placed settling tanks as a final means of disposal, while they may be con- 
structed at less cost than the other suggested schemes, would not afford sufficient re- 
lief to the Lower East river to make their installation a lasting benefit. This is not 
intended to discourage their use where the volume of dilution is sufficiently great and 
the immediate land surroundings are suitable. 

If used, the settling tanks should be of a form from which the deposits can be re- 
moved without throwing the tank out of service. A Dortmund tank or an Emscher 
tank would fulfil this requirement. 

The use of grit chambers and screening stations, while not as effective as tank 
treatment, would afford a temporary measure of relief pending the extension of the 
system, without appreciable loss when the entire project was completed. 

Respectfully submitted, 


PHILADELPHIA, January 30, 1914. (Sgd.) Guo. E. DATESMAN. 


CHAPTER II 
REPORTS ON SPECIAL TOPICS 


SECTION I 


RELATION BETWEEN THE DISPOSAL OF THE SEWAGE AND THE DEATH 
RATE AND A REPORT BY WALTER F. WILLCOX ON THE CRUDE 
AND CORRECTED DEATH RATES OF NEW YORK, LONDON, 

BERLIN AND PARIS FOR THE 10 YEARS 1900-1909 


Since the system of main drainage proposed by the Commission will eventually 
cost many millions of dollars, it is desirable that the taxpayers should understand the 
benefits to accrue from it. 

The most important benefit would be to health. The argument upon this head, 
although circumstantial and incapable of mathematical demonstration, is neverthe- 
less conclusive. It rests upon the known relations which now exist between the pol- 
luted condition of the harbor and the public health, as, for example, bathing, shell- 
fish, driftwood, flies and odors and the possibility of materially reducing the death 
rate through a systematic treatment of the sewage. The relation between the public 
health and pollution was discussed in the Commission’s reports of April, 1910, Part 
III, Chap. X, and August, 1912, Part II, Chap. 1, IZand III. The opinion was reached 
that whereas no definite effect upon the death rate could be ascribed to the polluted 
state of the harbor, it was impossible to avoid the conclusion that a considerable 
amount of harm was produced. The present unsatisfactory conditions of sewage dis- 
posal and the possibility of reducing the death rate are briefly discussed in this place. 

On comparing the death rates of New York with those of London, Paris and Ber- 
lin for the last year for which the statistics of all four of these cities are available, it 
appears that New York’s rate was exceeded only by that of Paris. For the 10 years 
ending in 1909, New York stood at the bottom of the list. London and Berlin were 
well in the lead. These facts referred both to the crude and corrected death rates, as 
shown in the following table: 


TABLE XXV 
DEATH RATES, 1900-1909 


Crude Corrected by U. S. Registration Data 


Average Average 

1900-1909 1900 1909 | Decrease 1900-1909 1900 1909 |Decrease 
Ta gerd Payal Se en ae 152% 18.6 14.0 4.6 15.4 18.2 17 4.5 
COEUR IE OPS Ce heres So en a 16.6 19.0 ill! 3.9 18.0 20.6 16.4 4.2 
ING? VEC gee a a ar ae 18.5 20.6 16.0 4.6 20.1 2225 Lie 5.0 
Pree RS op oe ek wale este ers 18.0 19.6 ile Ys 24 18.8 20.5 1 Det 
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For the purpose of studying the relative healthfulness of cities, corrected death 
rates are indispensable, since they have for their object the elimination of differences 
in the population which considerably affect the results. When the corrected death 
rates of the four cities here mentioned are compared, it is seen that the death rate of 
New York is higher than the crude rate indicates, whereas the corrected rate for Lon- 
don is lower than the crude rate for that city. Consequently, the difference in health- 
fulness between London and New York is seen to be greater than the crude death rates 
indicate. London’s crude rate of 14 is 1214 per cent. less than New York’s crude rate 
of 16, and London’s corrected rate of 13.7 is over 21 per cent. less than New York’s 
corrected rate of 17.5. ; 

Comparing New York with the other cities in the group, it will be seen that 
Berlin’s corrected rate of 16.4 is 6.38 per cent. lower than the corrected rate for New 
York. New York’s corrected rate is exceeded by that of Paris by 2.8 per cent. 

There appears to be no reason why New York should not have as low a death 
rate as London or Berlin. On the contrary, it can apparently have the lowest rate of 
any city of its class, and the attainment of this result should be the aim. 

New York is a good example of a city of the largest class wherein the highest 
requirements of sanitation are demanded and are, at the same time, capable of being 
satisfied. Occupying an unrivaled situation, a favorable climate, good and abundant 
water supply and an efficient health administration, it should be the aim of every 
citizen to make New York’s death rate the lowest to be found among the municipal- 
ities of the class to which this city belongs. New York should be the cleanest city in 
the world if for no other reason than to afford a barrier against the danger which 
results from the immense influx of immigrants from all parts of the world who, not 
infrequently, bring epidemic diseases to this port, a danger which is intensified by 
the highly congested conditions under which most of the population lives and works. 

Owing to the congestion of population, practically all the conditions necessary to 
maintain life in a wholesome way must be secured through a careful and skillful 
observance of sanitary rules and principles. This relates not only to the food, cloth- 
ing and habitations of the people, but, in a peculiar degree, to the care of their wastes. 
Upon the prompt and complete disposal of these wastes largely depends the comfort, 
convenience and healthfulness of the city. 


THE UNSATISFACTORY CONDITIONS OF SEWAGE DISPOSAL 


The history of sanitation shows that the greatest strides of progress have often 
resulted from great object lessons, such as epidemics, plagues and pestilences which 
have pointed strikingly to the fact that the problem of disposing of the human wastes 
was not being properly dealt with. Such sanitary emergencies now rarely occur in 
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the largest centers of population and are no longer to be expected in the city of New 
York, which possesses an efficient health administration. Sanitation in cities of this 
class now, and in future, may be expected to progress upon modern scientific and 
conservative lines. The conditions to be controlled must be discovered and provided 
for before they result in nuisance and disease. Large schemes for sanitary improve- 
ment must be made and made after careful investigation while yet there is time. This 
is the way in which the new water supply of New York was provided for. No great 
epidemic or conflagration or drought pointed to its necessity. Competent and far- 
sighted investigations pointed to its necessity, it was recognized that some years 
would be required for its construction and the city proceeded to spend $160,000,000 
to carry it out. 


The most important sanitary provisions which a modern city can possess are the 
public water supply and sewerage system. The relation between these two public 
Services is very close. Aside from a small proportion of the water which is used for 
drinking purposes and for the extinguishment of fires, nearly the whole of the public 
water supply is used for cleansing, that is, for the removal of bodily, household and 
street wastes. 

The sanitary function of water is to act as a vehicle in removing the waste mate- 
rials from their source. To be satisfactory, this removal should be prompt, complete 
and unattended by injury to health or offense to the senses. Removal to a certain 
distance from its points of origin usually can be accomplished satisfactorily up to a 
certain point by modern sewerage systems, but the disposal of the sewage at the out- 
lets of these systems often presents a problem of great difficulty. 

Until recently there has been no question as to the efficiency of the custom of 
Sewage disposal pursued by New York and its neighboring municipalities. House 
sewage and street washings have been discharged without regulation or purification 
of any kind into the nearest tide waters. Investigation has shown that it is unwise 
longer to count blindly upon the purifying action of dangerous and offensive wastes 
which are discharged every day into the arms of the harbor which intersect the city 
in every direction. Only a part of the sewage is flushed out to sea; some is turned 
into gas; some is liquefied by the bacteria in the water, and some is stored in pockets 
and sludge banks. All of these processes are attended with more or less nuisance. 


Gradually the harbor as a whole is becoming over-polluted. 


POSSIBILITY OF REDUCING THE DEATH RATE 


That a material reduction can be made in the death rate seems assured by the 


reduction which has been made in it during recent years, from the fact that this city 
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does not now possess a large death rate as compared with London or Berlin, and 
from the fact that such a reduction always follows the introduction of a great sani- 
tary improvement. 

New York stands third among the four great cities in regard to its death rate, the 
crude or uncorrected rates for which are commonly but erroneously assumed to give 
a correct basis for comparing the relative health of the populations. The crude death 
rate, which is obtained by multiplying the number of deaths per year by one thousand 
and dividing by the population gives an imperfect knowledge of the healthfulness of 
a city, since it fails to take account of well-recognized differences in susceptibility to 
disease which exist among different elements in the population. Females have lower 
death rates than males, in consequence of which a city which has an unusually large 
proportion of males is healthier than it appears to be. Young children and old per- 
sons have a higher death rate than the average, from which it follows that a city in 
which there is an unusually large proportion of persons in middle age is less healthy 
than it seems. 

Among the most important causes of these differences in susceptibility in the 
greatest cities are those which are due to sex and age. A propér comparison of the 
healthfulness of cities cannot be made until their crude death rates have been 
corrected. 

In 1913 the Commission requested Prof. Walter F. Willcox, the eminent statis- 
tical expert of Cornell University, to report on the corrected death rate of New York 
City, comparing the age and sex distribution of New York, London, Paris and Berlin 
with each other through some standard population. Professor Willcox found that in 
London, Paris, Berlin and New York the females outnumber the males. The differ- 
ence is least in New York, 4 in 10,000 and greatest in Paris 638 in 10,000. The effect 
of the correction to be made on this account is to raise the rate for New York. 

New York has a larger proportion of persons in the healthy ages than any of the 
other cities with which it can be compared. Among every 10,000 persons in New York, 
there are 249 more than there are in London who belong to the healthy ages. The 


effect of the correction to be made on this account is to lower the rate for New 
York. 


The corrections for sex and age to some extent counterbalance each other. If cor- 
rected for sex, New York would have a lower death rate than any of the other three 
cities; if for age, the rate would be higher. The combined effect is to make the crude 
death rate lower than it should be. This influence is stronger in New York than in 
any of the other cities. 
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PRESIDENT GEORGE A. SopEr, 
METROPOLITAN SEWERAGE COMMISSION OF NEW YORK. 


Str: You have asked me to report on the corrected death rate of New York City, 
comparing the sex and age distribution of the population in New York, London, Paris 
and Berlin through some standard population and showing what influence the differ- 
ences between the standard population and the population of these cities would have 
on the death rate of New York City for the decade, 1900-1910. 

The first difference to be examined is that in the proportion of the sexes. It is well 
known that the female sex has a lower average death rate than the male. If the pop- 
ulations of these cities differ much from the standard and from each other in the pro- 
portion of the sexes, that fact would exert some influence upon their death rates. To 
show whether the populations of these cities do thus differ, Table XXX (see Appendix) 
has been prepared, showing the per cent. of each sex in the total population at the last 
available census. 

From the last column of Table XXX it appears that in each of the four cities the 
females outnumber the males. In New York City the difference is insignificant—only 
four in ten thousand; in the other three cities the difference is much greater—in Berlin 
346, in London 596 and in Paris 688 in ten thousand. The effect of this difference 
between New York arid the three great European capitals would be to raise the crude 
or uncorrected death rate of New York City. To test the fact and measure the 
amount of this influence, I have taken the average death rates by sex in England and 
Wales during the decade 1891-1900 and those in the registration area of the United 
States in 1900 as standards and applied them to the male and female population of 
each of the four cities. The results appear in Table XXXI. 

In such a computation, which shows merely the effect of diversities in sex propor- 
tions, the city with the largest proportion of females, Paris, naturally has the lowest 
death rate and the city with the smallest proportion of females, New York, the high- 
est death rate. But the difference between these extremes, a difference which meas- 
ures the effect of divergencies in sex proportion upon the death rate, is only two-fifths 
of one per cent. of the death rate in Paris. 

The death rate is modified by divergencies in age distribution far more than it is 
by divergencies in sex distribution. This is due to two codperating causes: (1) cities 
differ from one another in the proportions of their population at various ages far 
more than they differ in the proportions of the two sexes; (2) age periods differ from 
one another in death rates far more than the sexes differ. 

To ascertain the differences in the age proportions of the population of the four 
cities, Table XX XII has been prepared. The italicized and bracketed figures for Paris 
are those in which only the total for the period is known. This total has been distributed 
to its divisions by assuming that the proportion in Paris agreed with the average pro- 
portions in the other three cities. The same method of estimating has been used in 
a few other cases in later tables. 

Both table and diagram show very wide differences between the cities. In New 
York children under five years of age make more than one tenth of the population; in 
Paris they make only one sixteenth. On the other hand, in New York people 45 to 
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49 years of age make one nineteenth of the population, while in Paris they make 
one fourteenth. Similar differences appear up and down the scale of age periods. 
These periods may be grouped into two main classes, the healthy ages and the 
unhealthy ages, the former including the periods during which the death rate is 
below the average rate at all ages, the latter including the periods during which the 
death rate is above that average rate. The healthy ages are approximately those from 
5 to 54 years; the unhealthy ages are those below the age of 5 or above the age of 54. 
The proportion of persons at healthy ages, as thus defined, varied from 81.96 per cent. 
for New York, down to 78.47 per cent. for London. Among every ten thousand 
residents of New York there are 249 more than there are in London who belong to 
the healthy ages. ‘These two differences between New York and the other three cities 
influence the death rate in opposite ways, the large proportion of males tending to 
raise the rate and the large proportion of persons at healthy ages tending to lower it. 

The next step is to measure the net effect of these differences in age distribution, 
as the net effect of differences in sex distribution has already been measured. In 
doing so I have used, as before, two sets of standard death rates; the first those shown 
by the population of England and Wales during the last decade available, 1891-1900, 
and the second those shown by the population of the registration area of the United 
States in 1900. These two sets of death rates are shown in Table XX XIII; those for 
the registration area of the United States in 1900 computed from MSS. furnished by the 
Census Bureau; those for England and Wales taken from the Decenmal Supplement 
for 1891-1900. 

The number of deaths computed by comparison with each standard and the 
resulting computed death rates corrected for age distribution are shown in Tables 
XXXIV and XXXV. They show that, if correction is made for age distribution alone, 
New York City would have a lower death rate than any of the other three cities; 
Table XX XI has shown that, if correction is made for sex distribution alone, New 
York City would have a higher death rate than any of the other three cities. The gen- 
eral result of these two comparisons is clearly apparent from the following summary, in 
which the death rate of New York City has been taken as the base, or 1,000, and the 
rates in other cities compared with it. 


TABLE XXVI 


DEATH RATES OF LONDON, PARIS AND BERLIN CORRECTED SEPARATELY FOR SEX AND FOR 
AGE AND COMPARED WITH THE CORRESPONDING DEATH RATES FOR NEW YORK AS A 


Bast=1,000 
Corrected for Sex Only by Corrected for Age Only by 
Comparison with Comparison with 
City On a ee OU we Bei 
U.S. Regis- | England and | U.S. Regis- | England and 
tration Area Wales tration Area Wales 
News Y ork 23522 443 ce oe ie Be arene ere 1,000 1,000 
Berlin ecris tears Ger cottie then ee eee ee 1,017 1,020 
Parisian dks oon its aceon See 1,047 1,049 
DORGON sae stead tosis aha abe ee 





1,116 1,134 








The foregoing summary shows that, whichever standard is used, the cities stand 
in the same order and with somewhat similar differences between them. It shows 
also that the sex distribution of population in New York would tend to produce a 
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high death rate and the age distribution would tend to produce a low death rate in 
comparison with the other cities. It suggests that in the case of New York the in- 
fluence of the favorable age distribution upon the death rate is probably greater than 
the influence of the unfavorable sex distribution. But it does not afford any way of 
measuring the net or resultant effect of those two opposing influences. Which is the 
stronger and how much stronger is it? 

To answer this question the population of each of the four cities has been distrib- 
uted both by sex and by age. The results of this distribution are expressed in Table 
XXXVI. Then the number in each sex and age class in each city, e. g., the number of 
female children under 5 years of age in Paris, has been multiplied by the death rate 
of that <:ass in each of the two areas given in Table XX XVII, the products appearing 
in Tables XX XVIII and XXXIX. In those tables the products showing the computed 
deaths have been summed and the total divided by the total population. The quo- 
tients show the death rates which would have been found in each city if its death rate 
at each sex and age period had agreed exactly with that of the corresponding sex and 
age period in the standard population. This quotient is called the standard death rate. 

The differences between the standard death rates do not correspond at all to the 
actual differences in the healthfulness of these four cities, for by hypothesis all such 
actual differences have been excluded, and the death rate of a given sex and age class 
is the same in all four cities. They do, however, measure at least approximately the 
effect of the only differences which remain, the differences in sex and age composition. 
The general result of such a computation appears in the following summary: 


TABLE XXVII 


STANDARD DEATH RATES OF NEW YorRK, LONDON, PARIS AND BERLIN CORRECTED FOR BoTH 
SEX AND AGE BY ASSUMING THE DEATH RATES IN THE REGISTRATION AREA OF THE 
UNITED STATES, 1900, AND THOSE IN ENGLAND AND WALES, 1891-1900, AS STANDARDS 


Standard Death Rate Accepting |Ratio of Standard Death Rate 


the Rates in to that of New York =1000 
City 

U.S. Regis- | England and U.S. Regis- England and 

tration Area Wales tration Area Wales 
~ 1900 1891-1900 1900 1891-1900 

INC WA OTK MRED Bits cc cco Sin ela ea wih at alprdcalaeh 16.08 15.91 1,000 1,000 
CTLITI PE YE ihe foros ho stats Rsigine lfeulece we Srdices 16.28 16.12 1,012 1,012 
TREMUTE|S wate Sole GO ea aR aes are cee ot 16.80 16.58 1,045 1,042 
OTOP te Prete eee ices ses Bed pomlee wide BE 17.92 17.96 1,114 1,129 





The preceding summary shows that New York City has a standard death rate 
lower than that in either population with which it is compared or that in any one of 
the other three cities. In other words, the combined or resultant effect of its sex and 
age composition is to lower rather than raise its death rate. This influence is more 
marked in New York than in any of the other cities, for the standard death rate of 
Berlin is 1-2 per cent. higher, that of Paris 4-5 per cent. higher and that of London 
11-13 per cent. higher than that of New York. 

After this complicated process has yielded the standard death rate, the next step 
is to find the factor for correction in each city, or, in other words, the ratio by which 
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the crude death rate of the city must be multiplied in order to get the death rate cor- 
rected for diversities in sex and age distribution, or, briefly, the corrected death rate. 
The results are shown below. 


TABLE XXVIII 





Standard Death Rate Based on | Factor for Correction Based on 


City 
U.S. Regis- | England and | U.S. Regis- | England and 
tration Area, Wales tration Area Wales 
New Y 09k se eet. co Ae ee eee 16.08 15.91 1.091 1.144 
OV LN i558 oie oe Gb ov ak ok ee Ee Tae 16.28 16.12 1.083 1.128 
Paris, fo Seve ee Se ee ee ee 16.80 16.58 1.045 1.097 
London..4 ie sdt Batson na ae ee ee 17.92 17.96 979 1.013 


The factors for correction indicate the ratio by which the crude death rate of the 
city in question should be changed before it is fair to compare it with the crude death 
rate of the standard population. Each standard population must yield its own series 
of factors for correction and it is far from surprising that they differ widely. 

The final step in the process is to multiply the recorded or crude rates by these 
factors for correction and thus obtain two sets of corrected death rates, one derived 
from each standard population. The crude rates are given in Table XL; the corrected 
rates in Tables XLI and XLII. In the seven years 1900-1906, New York City had a 
higher crude death rate than any of the other three cities, but in the five years 1907- 
1911, the crude death rate of Paris was higher than that of New York. Hach of these ° 
three tables contains 32 death rates to be compared with the death rate in New 
York. Of the 32 crude rates, 27 are below those of New York for the same year; of 
the 32 corrected rates, 29 are below those of New York for the same year. But the 
main effect of correction is to widen the differences between the cities. This appears 
from the following summary in which 1 and 2 refer to the United States Registration 
area and England and Wales, respectively : 


TABLE XXIX 


DIFFERENCE BETWEEN THE DEATH RATE OF NEW YORK AND THAT OF LOWEST CITY 
IN YEAR SPECIFIED 


Difference in 
Y Corrected Rate 
oe Crude Rate 

1 2 

TQOO Poe a Re eave See he Oe ae 2.0 4.3 4.8 
TOOL es cildke ck SOEs ee eee 2.8 5.0 5.5 
LQ02 82 ete ack in ore ere ee 2.4 2.8 3.0 
LOOSE See SO ee ee 2.8 4.7 5.2 
LOO opie wiki a eet Sea a sete ee ee ie nee a 4.0 6.1 6.7 
TODS Garis tee didlo ere Sete tLe Oe ee eee 8.3 Duo 5.8 
TO0G Fen ers Se a Pe te ee Te ee ae 3.2 iy Pe 5.6 
BAY OY OS aes CO Ae See Wr ce vs AR hn AE lope dig 0 ant 5.7 6.1 
1908 Pee Fi Ie AER OHS NTT Nes ae an ee ee 2.5 403 4.6 
gS, 9,2 Faria Ameer OE Ce Ae rere adi eae ae Oana AM LEE Fo 3s Rois oat 2.0 3.8 4.1 
AVEPager De eA Ne at hd ee eee 2.9 4.7 5.1 
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So long as the death rate of New York remains nearly or quite as high as that of 
any of the other cities, and the sex and age composition of the several populations 
remains substantially as at present, the effect of correction will be to increase the 
differences between New York and the other cities. But if New York’s death rate 
should become nearly or quite as low as that of any of the other cities, then the effect 
of correction would be to decrease the differences between the extremes. 


Yours respectfully, 


WALTER F’. WILLCOX. 
November 10, 1918. 


APPENDIX 


TABLE XXX 


SEX PROPORTION OF THE TOTAL POPULATION IN NEW YorK City, LONDON, 
PARIS AND BERLIN 





5 : Fe Per Cent. H. 
ate o: ota XCeSS O 
Crry Census | Population Males Females Females 
Male Female 

IN GW OD Rte s ci ehick se ad 1910 4,766,883 2,382,482 2,384,401 49.98 “50.02 0.04 
ENE ila. s Suk mca ion in ws 1911 4,521,685 2,126,341 2,395,344 47.02 52.98 5.96 
ees wins s so ss 1906 2,719,924 1,273,144 1,446,780 46.81 53.19 6.38 
Berm wee ore iu ee he8L 1 1905 2,040,148 984,804 1,055,344 48 .27 51.73 3.46 


1The figures for New York in this and later tables are derived from proof sheets kindly furnished me by the 
Census Bureau. 

*The figures for London in this and later tables are derived from Census of England and Wales, 1911, Vol. VII, 
kindly sent me from the General Register Office. They apply to “Registration London,” excluding the ‘Outer 
Ring,” and include thus not much more than three-fifths of the population of “Greater London.” 

*The figures for Paris in this and later tables are derived from the Census of France, 1906, Vol. 1, Part 2, pp. 
160-165. 

‘The figures for Berlin in this and later tables are derived from Stat. Jahrbuch d. Stadt Berlin, Vol. 31, p. 1. 


TABLE XXXI 


COMPUTED DEATH RATES OF NEW YoRK City, LONDON, PARIS AND BERLIN CORRECTED 
FOR DIFFERENCES IN SEX PROPORTION 





Death Rate | Com- Com- | Death Rate | Com- Com- 


Care Sos Population|of U. S. Reg-| puted | Sum of | puted | of England | puted | Sum of | puted 
of Known | istration |Deaths| Deaths | Death | and Wales, | Deaths} Deaths | Death 
Age Area, 1900 | by Sex Rate | 1891-1900 | by Sex Rate 
Male.. .| 2,382,482 18.57 | 44,240 19.32 | 46,030 : 
ale.. .| 2,126,34 18.57 — | 39,482 19. 41,08 
London....) ) Female.| 2,395,344 16.53 | 39,598 | f 79,080} 17.49 17.14 | 41,056 | f 94187) 18.17 
Male.. .| 1,273,144 18.57 | 23,642 19.32 | 24,595 
Paris...... Female. 1/446,780 16.53 | 23,918| f #7560) 17.49 17.14 | 247300 | f 49:395) 18.16 
Berlin... peal Borner eee hte nen CONT Girl eeety te eae onn | >, 07,1151 °18. 10 


Female.| 1,055,344 16.53 | 17,444 17.14 | 18,090 
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TABLE XXXII 


AGE PROPORTION OF THE POPULATION OF KNOWN AGE OF NEW YORK, LONDON, 
PARIS AND BERLIN 


New York City, London, Paris, Berlin, 
Agn) ERRIOD 1910 1911 1906 1905 

ALU SOS octicicsctie sed orien 10,000 10,000 10,000 10,000 
Drier 52) Ws Sic eate sos cae 1,065 1,034 632 876 
Leet! I it one per boctertcatae Ahr e 920 960 600 816 
1014 on Abe A eee 887 889 617 773 
B19 ee ciane aie tated gee ncn: Geiehsioas 961 897 791 930 
20-24 esc doco cuatrain tension ents 1,118 948 997 1,154 
DO Oa case creatine an, cohort 1,049 930 1,151 1,115 
S0—34 a oe cierieta aeeee 888 830 1,037 905 
S539 fae aisle eelereee toate 803 746 917 791 
40 —44: Ae SOR eee 651 641 810 665 
CN ieee: 5 PO Ra gen Cato Aa 517 551 701 548 
HO=O4 ee os Sees cere cece 402 455 548 } . 442 
BBE——O9 vcr en revert aoe enna eer oe 256 352 896 351 
60—64 sacha sk Seneca ee 199 279 310 258 
65—69 6 Seon ole ieee see 131 212 228 177 
TO a TAs oa) ie oes 82 144 143 } m 105 
101 ORS cc cnete nitreoced etn 42 79 78 58 
80-84... 0. ees teeing: 20 36 30 27 
85-89 tie seas eee ee 7 13 11};* 8 
QO oR ene cate eects cane 2 4 3 1 


* Estimated from the total figures 50-59, 70-79 or 80 and over, by applying the average proportions in the other 
three cities. 
TABLE XXXITI 


DEATH RATES BY AGE PERIODS IN THE REGISTRATION AREA OF THE UNITED STATES, 1900, 
AND IN ENGLAND AND WALES, 1891-1900, TAKEN AS STANDARD POPULATIONS 


Death Rates of Death Rates of 
Aa@sE PERIOD Aare PERIop 
United States England and United States -| England and 
Registration Area, Wales, Registration Area, Wales, 
1900 1891-1900 1900 1891-1900 
Under 8.2 cnnn0ss ° 51.81 57.74 55—59. 2... 2.008. 25.43 31.47 
Sere PSC Oe 5.08 4.34 60—64........... 34.64 : 
10—14.......... 3.25 PAY | 65—69........... 50.75 65.04 
15—19..... ees 5.18 3.73 1074.0 SA 73.98 : 
20—24.......... 7.36 4.74 75—79. 0. ees es 109.24 
pd es ay ade 8.37 6.40 80—84........... 167.45 
30—34.......... 9.56 : 85—89........... 241.39 |, 152.17 
BOBO eet a ate ac 10.52 10.51 90—94........... 334.58 
40—44.......... 12.03 J : Obs eek ree 401.75 
45—49 Car Payee Tac) A et KR 14 . 69 j 16 76 
50—54.......... 18.78 ’ 
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TABLE XXXIV 


COMPUTED DEATH RATE oF New York Crry, LONDON, PARIS AND BERLIN CORRECTED 
FOR DIFFERENCES IN AGE ProporTION BY USING THE DEATH RATES IN THE REGISTRA- 
TION AREA OF THE UNITED STATES IN 1900 As A STANDARD 








Computed Deaths at Specified Age Period in 





Aar PrErRIop 

New York London Paris Berlin 

Winder beer mea ot eats 26,272 24,217 8,875 9,252 
eM) TREC ie avec'c oud 6s fe nalats 2,226 2,203 828 845 
Bh Deere Ae tes MU tar sy aliviet eh anes 1,373 1,306 545 513 
Ye eee 2.370 2101 1,111 982 
ee atid aie elt Seen OR ae 3,915 3,156 1,990 1,731 
BOS ee ae 4,178 3,521 2,613 1,902 
eM ne eu 4,039 3,588 2,687 1,766 
SSO A 6 Rr ee Oe rr 4,021 3,547 2,619 1,697 
Ae Sng a cua ts ace oe lle 3,728 3,487 2,640 1,630 
A eet ENE, Sediis bend 4 guide leeegans 3,615 3,658 2,791 1,644 
i Dit be Gn oe 3,589 3,866 2,789 1,692 
ie ee rn 3,108 4,046 2.734 1,818 
CU Geer ns ois < ohare oie Fells 3,270 4,370 2,917 1,820 
Go=—-OOMPP is. Ge cies eben gees 3,169 4,830 3,139 1,814 
TADS Ch 6.3 eich ERE aa 2,906 4,788 2,880 1,587 
US kn dO eee 2,196 3,902 2,300 1,302 
Renae Ly. 1,540 2,786 1,401 921 
REMCON I shh ce: 781 1,298 707 401 
O04 Mera cits kas es ackes 286 493 227 73 
ee. chub edo ee 80 93 49 8 
Motakdeathsey.). icc. os. tee ses 76,662 81,256 45,842 33,398 
Computed death rate.......... 16.10 17.97 16.86 16.38 


TABLE XXXV 


COMPUTED DEATH RATE OF NEW YorK C1TY, LONDON, PARIS AND BERLIN CORRECTED 
FOR DIFFERENCES IN AGE PROPORTION BY USING THE DEATH RATES OF ENGLAND 
AND WALES IN 1891-1900 AS A STANDARD. 





Computed Deaths at Specified Age Period in 


Agr PERIOD 
New York London Paris Berlin 
NUCLETROME Rea riiccoleGia cna oe aS 29,279 26,988 9,891 10,310 
0 a ee 1,902 1,882 707 722 
eee cect as Wiss wie os bees 1,060 1,009 421 396 
313 ik SS ee 1,707 1,513 800 707 
2 4 ae rile Ae 2,521 2,033 1,282 1,115 
OA tori oiv sere cic hee oucuie 5,898 5,094 3,797 2,636 
Spam A Mat ere aisles loareierets 7,274 6,591 4,923 3,119 
Alpe OA Reyes sess 8 ahgco ss suis Gos ake 7,327 7,624 5,672 3,386 
Pe. soe 6,816 8,976 6,033 3,903 
T= 9 it, AA pe OE I eee ae 6,616 10,461 6,555 3,744 
ap aM cots ities sa: s'p s¥e weeks 5,122 9,147 5,045 2,939 
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TABLE XXXVI 


SEX AND AGE DISTRIBUTION OF POPULATION OF NEW YORK, LONDON, PARIS AND BERLIN 
TO EacH 10,000 or KNowNn AGE- 


New York, 1910 London, 1911 Paris, 1906 Berlin, 1905 
AcE PERIOD 2 Tes Sip Mh eae aa ROI ee See OR I 


Male Female Male Female Male Female Male 


ee ee ey 


ATi ages 20s ek 4,995 5,005 4,702 5,298 | 4,686 5,314 4,827 

Unider 6195.0, 537 528 519 515 315 317 440 
Bg re ae 460 460 478 482 296 304 407 

Lge ta as eee 442 445 440 449 304 313 380 

YS 100 oe 454 507 427 470 380 411 445 

OO ME ory 528 590 422 526 428 569 594 

5 OG fee a 533 516 419 511 551 600 560 

Sod eita ent 462 426 385 445 505 532 451 

SG Sag eee i ee 413 390 349 | 397 436 481 388 

BOLL ie Ese 339 312 301 340 391 419 322. 

ABE Oth Oe 268 249 259 292 334 367 249 

5O-sb4 207 195 214). 241 a hy Baga 198 

BELO ens 128 128 164 188 179 153 

BO-6d ie te ey 95 104 128 151 132 

Gh oBG ee eee 62 69 93 119 90 

Tad Og cee 37 45 58 86 52 \ - 

75 at on ent 18 24 29 50 26 

SOAgA es ie, 8 12 12 24 9 

S580 Slee eS. 3 4 4 9 She 





He * Estimated from the total figures 50-59, 70-79 or 80 and over, by applying the average proportions in the other 
three cities. 


TABLE XXXVII 


DEATH RATES BY AGE AND SEX IN THE REGISTRATION AREA OF THE UNITED STATES, 1900, 
AND IN ENGLAND AND WALES, 1891-1900, TAKEN AS STANDARD POPULATIONS 


Death Rates of 


AcE PERIOD United States Registration Area, England and Wales, 
1900 1891-1900 

Male Female Male Female 

Underifi taverns cee 56.22 47 .34 62.71 52.80 

Ba Da a ee eae ee 5.18 4.97 4.31 4.37 

10-14 se en ee 3.29 3.21 2.45 2.57 

TAT er ee er 5.27 5.10 3.79 3.67 

BOM cr, 7.73 7.01 5.06 4.46 

ip eee abe ieee 8.59 g.6 | 

BOB 19-54 8.71 6.76 6.08 
Sing ties: Sikacne Ravi mane 1 949) 9.74 

ae a RreeraneerenanES 12-99 10.98 11.50 9.59 
eT ak eee 6. 13.14 

BOB 20.50 18 Ole 3 18.95 14.74 
VLRO ce nn a 5) 2752 23.35 

60-84. 37.49 31.92 34.95 28.44 
RBG ate tie, carnal : 46.98 

TREE aA Re ROSES 7306 70.14 70.39 Rate 
ei ie He eae 115.70 103.40 
SOSA AN Reg. Ly oe ae 175.40 160.90 

SBR GH ee Ri Mae nea 252.90 232.80 160.09 146.46 
G0-G4 Siete hase ties 350.60 325 20 
OY pr NEA 4 (f eeemie 411.80 402.40 
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| TABLE XXXVIII 


CoMPUTED DEATH RATE OF NEw York City, LONDON, PARIS AND BERLIN CORRECTED 
FOR DIFFERENCES IN SEX AND AGE PROPORTION BY USING THE DEATH RATES IN THE 
REGISTRATION AREA OF THE UNITED STATES IN 1900 AS A STANDARD 


Computed Deaths 
Male Female 


Aas PERIOD 


New York| London Paris Berlin New York| London Paris Berlin 


RIRGOP Oi e045 oes 14,380 13,187 4,796 5,042 11,900 11,023 4,070 4,207 

a eget esas ale." << 1,134 |} 1,118 416 430 1,090 1,052 411 415 
NORA trcty ss 5 305 692 655 272 255 679 652 273 257 
Ufa 0) ere eae eae 1,139 1,018 543 478 1,232 1,083 570 504 
20—24............ 1,942 1,477 897 935 1,969 1,669 1,083 801 
Be 0 a) lodin.. 2,178 1,629 1,283 979 2,002 1,883 1,327 922 
BU Ok ee eases dale eva 2,098 1,660 1,306 878 1,765 1,753 1,256 807 
SOOO veo alesis os 2,209 1,775 1,331 889 1,809 1,746 1,272 801 
ULAR ieee 2,096 1,767 1,376 852 1,631 1,690 1,247 768 
AT eae 2.061 1,891 1,462 822 1,558 1,734 1,307 802 
DOO pte hvainiecie eos 2,020 1,988 1,411 827 1,667 1,961 1,432 896 
ODDO eauvie tice cas 1,681 2,036 1,338 859 1,427 1,987 1,378 941 
Vite Te ae 1,687 2,162 1,343 817 1,576 2,186 1,544 982 
a 1,619 2,313 1,341 756 1,544 2.531 1,756 1,048 
(at ae ae a 1,388 2.031 1,174 587 1,508 2,715 1,730 977 
TOA19 bein cs See 986 1,530 817 431 1,198 2,325 1,454 847 
Sey Ok Ae ae 649 989 454 275 884 1,770 928 633 
85—89............ 316 458 211 114 463 988 489 283 
90—94............ 105 130 61 20 181 358 165 52 
QB ators hie os okecelegece 24 25 12 2 56 - 69 37 6 

SS Oy ee Le OS 

Total, known age...| 40,404 39,839 21,844 16,248 36,1389 41,175 23,729 16,949 
Both sexes......... 76,543 81,014 45,573 33,197 


Standard death rate. 16.08 17.92 16.80 16.28 











TABLE XXXIX 


CoMPUTED DEATH RATE OF New York City, LONDON, PARIS AND BERLIN CORRECTED 
FOR DIFFERENCES IN SEX AND AGE PROPORTION BY USING THE DEATH RATES IN 
ENGLAND AND WALES, 1891-1900, AS A STANDARD 


Computed Deaths 


ee eeioD Male Female 


New York! London Paris Berlin New York| London Paris Berlin 
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TABLE XL 


CRUDE DEATH RATES OF NEW YORK, BERLIN, PARIS AND LONDON, 1900-1909 








Crude Death Rates of 


DaTE 
New York! 3 Berlin? Paris? ~ London! 

1900 .ee. 2c ok ae eee 20.6 19.0 19.6 18.6 
LOO Le Sete setae as ees 19.9 18.1 18.7 ire 
L902 Rare eet ean 18.6 16.2 18.3 ieZ, 
190332 tenn ee 18.0 16.6 17.4 ibayep- 
LOGO 4 eee cere ere rep ons eee 20.1 17.0 Ve 16.1 
LOOD Mise rc is. Sees 18.4 Weel 17.6 15ek 
1906. Sse eer ee 18.3 15.8 17.6 15.1 
NY UY fea a aay Ge tase an 18.3 15.4 18.4 14.6 
1908S Ase Peers eee 16.3 15.4 17.4 13.8 
L900 Fes. ee ee 16.0 15.1 iN P4 14.0 
I9SIO Re eee 16.0 eae 16.2 NS 
LO Lar ae ee oc iee ome Aone 17.2 








1Figures for New York are derived from Bureau of the Census, Mortality Statistics, 1909, p. 72, Bulletin 109, 
p. 46 and Bulletin 112, p. 43. 


*Figures for Berlin are derived from Stat. Jahrbuch der Stadt Berlin, XXXII, p. 111. 
*Figures for Paris are derived from Annuaire Stat. de la Ville de Paris, XXXI, p. 200. 
‘Figures for London are derived from Report of Medical Officer of Health of London County, 1908, p. 8. 


TABLE XLI 


CORRECTED DEATH RATES OF NEW YORK, BERLIN, PARIS AND LONDON, USING THE UNITED 
STATES REGISTRATION AREA, 1900, AS A STANDARD 





Corrected Death Rates of 


Date 
New York Berlin Paris London 
LQ0O Seiaeert feet rye Dedde | 20.6 2025 18.2 
1901 eet i eae, Pall 76 19.6 19.5 16.7 
1902 ee eet ee 20.3 17.5 19.1 16.8 
1903 Rea eee aoe 19.6 18.0 18.2 14.9 
1OQ04S Aerie enone 21.9 18.4 18.5 15.8 
1905 55 Sn ee 20.1 18.5 18.4 14.8 
ILQOG Setar ee eee oe 20.0 el 18.4 14.8 
LOO Te Pree eed ane 20.0 16.7 19.2 14.3 
190S Se ete Soe Pee 17.8 16.7 18.2 13.5 
1909 Rake See Wes 16.4 18.0 13.7 
1910s aeee es Seas 17.5 axat 16.9 eee, 
1911 eee eens 16.6 Mises 18.0 
TABLE XLII 


CORRECTED DEATH RATES OF NEW YORK, BERLIN, PARIS AND LONDON, USING ENGLAND 
AND WALES, 1891-1900, AS A STANDARD 





Corrected Death Rates of 


Dats 
New York Berlin Paris London 

1900 Sess eRe eee 23.6 21.4 21.5 18.8 
1901 Aaa ee sete 22.8 20.4 20.5 L723 
1902 ee ees 21.3 18.3 20.1 17.4 
1903 2 ee eee ee 20.6 18.7 19.1 15.4 
LOO SR ee tears 23.0 19.2 19.4 16.3 
LOO D Rees ee eer ee YAK at 19.3 19.3 15.3 
LQ0G REE ore cee 20.9 17.8 19.3 ’ 15.3 
ISO Leen ee ee 20.9 17.4 20.2 14.8 
1OUSSAES. <2 eer. 18.6 17.4 19.1 14.0 
1909 St cee ne 18.3 17.0 18.9 14,2 
1910 eee SS 18.3 eas. 17.8 tds 
Oh) bee ae OY rahe ccmrn BS 17.4 Sas 18.9 
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SECTION II 


CHEMICAL OXIDATION AS A PROCESS OF SEWAGE TREATMENT AND A 
REPORT BY SAMUEL RIDEAL ON OXIDATION PROCESSES AP- 
PLICABLE TO NEW YORK CONDITIONS 


The object of oxidizing New York’s sewage, partly or completely, by chemicals 
would be to remove the excessive demand which the sewage makes on the dissolved 
oxygen in the harbor water and so permit the sewage to be discharged into the inner 


harbor with little or no other treatment. 


AERATION AND CHEMICAL OXIDATION COMPARED 


Forced aeration has been suggested for this purpose by various investigators, as 
it has previously been proposed for other situations and as it has subsequently been 
recommended in connection with various biological processes, but aeration is not a 
process in itself. Its function is not to oxidize sewage, but to supply the oxygen 
with which the ordinary purifying forces of nature can carry the oxidizing processes 
forward. Its benefits are slow for they depend not only upon the rate at which sew- 
age will absorb oxygen, but upon the rate at which the natural purifying agencies 
will appropriate it. 

Aeration is especially useful where the oxygen supply is deficient, for then the 
rate at which the water will absorb it is relatively high. Water and sewage absorb 
oxygen at the same rate and to the same extent and, as has been shown elsewhere, 
when there is a considerable amount of dissolved oxygen present, it is difficult to add 
more by aeration or by any other means. Where large quantities of oxygen have to 
be supplied by aeration, it is necessary to continue the process over a long period of 
time or to repeat it at frequent intervals. Hither of these alternatives is likely to 
prove expensive for the reason that they make it necessary to provide means for keep- 
ing the sewage on hand for a considerable period. 

Chemical oxidation seeks to eliminate the slowness and inconvenience of the 
aeration process and, by aiming directly at the desired reaeration, to affect a material 
gain. Unlike aeration, chemical oxidation is a radical form of treatment which in- 
volves abrupt interruption in the natural course of self purification which sewage 
ordinarily undergoes from the moment it is produced until its harmful properties are 
rendered inert, and in which living organisms play an important part. Chemical 
oxidation, by whatever method it is carried on, means a sudden arresting of the nat- 
ural purifying agencies, a rapid and intense chemical reaeration between the oxidiz- 


ing agent and the oxidizable ingredients of the sewage and the final discharge of the 
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effluent in a state which is not inimical to the fauna and flora of the natural body of 
water into which it is emptied. Incidentally, the oxidation produces disinfection and 
the disinfecting properties of the oxidizing matter in some cases prove to be advan- 
tageous. Under other and more usual circumstances, it may prove embarrassing, as, 
for example, where a large amount of sewage effluent possessing antiseptic properties 
is discharged into water which is inhabited by fishes. 

The use of chemicals to purify sewage is by no means a new idea, although there 
are apparently no existing large sewage works where chemical oxidation is practiced 
to serve as an example of the size and arrangement of apparatus needed and the cost, 
efficiency and reliability of the process. Nevertheless, considerable help in forming an 
opinion on the leading difficulties to be overcome can be obtained from the experience 
gained with certain standard processes of water and sewage treatment, notably the 
application of basic sulphate of alumina, lime and iron, copper sulphate and hypo- 


chlorite. 


INTENDED SCOPE OF Dr. RIDEAL’S REPORT 


Experiments on the purification of New York’s sewage through the electrolytic 
decomposition of sea water by the application of bleach and by chlorine led the Com-- 
mission, in 1912, to seek the opinion of an eminent expert on chemical questions re- 
lating to the purification of sewage and disinfection, and Dr. Samuel Rideal of 
London was requested to make a report on the possibilities of direct chemical 
oxidation. 

Dr. Rideal, a Doctor of Science, Fellow of the University College, Fellow of 
the Institute of Chemistry and of the Sanitary Institute of Great Britain and Vice- 
President of the Society of Chemical Analysts of Great Britain, is the author of “Sew- 
age and the Bacterial Purification of Sewage,” “Water and its Purification,” and 
“Disinfection and Disinfectants,” all of which have passed through several editions. 

In preparation for his report, Dr. Rideal made a personal inspection of the con- 
ditions of sewage disposal in New York harbor and visited the Commission’s office to 
become familiar through conferences and study with the results of the Commission’s 
work. His report is a discussion of the questions assigned to him from a chemical and 
theoretical standpoint and makes no claim either to finality or practicability, which he 
rightly says would not be warranted in “so short a report nor without a prolonged 
study of the main details chiefly of an engineering character.” . 

In a letter dated October 3, 1912, the Commission requested Dr. Rideal to report 
on “other ways of oxidizing sewage than by biological means, that is, through the use 


. of chemicals. Absence of odor, restricted areas of land and freedom in the effluent 
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from substances poisonous to fishes should be features of such procedures. It should 
be remembered also that the process must be applicable to large volumes of sewage— 
not less than 25,000,000 or 30,000,000 gallons per 24 hours, for example. The cost of 
the treatment, including the purchase of materials should not be excessive, nor should 
the process involve expense for pumping. Inasmuch as processes for the chemical 
oxidation of sewage are not in general use, it will be desirable to give such assurance 


as is possible that any process suggested can actually be carried out.” 


In addition to his opinion on chemical oxidation, Dr. Rideal was asked if, in his 
view, the Commission was right in placing importance on the presence of sludge on 
the harbor bottom as an element making for the exhaustion of oxygen from the water, 
whether he considered it possible to purify the sewage sufficiently near its points of 
origin to permit the effluent to be discharged into the inner harbor and to give his im- 
pression of the condition of the harbor as he saw it on his trip from the Battery to Hell 
Gate on October 2, 1912. ) 


SYNOPSIS OF THE REPORT 


It is Dr. Rideal’s opinion that all the sewage produced now and in the next gen- 
eration in the metropolitan district of New York and New Jersey can be sufficiently 
purified on properly selected sites near where it is produced to permit of its discharge 
locally into the waters of the inner harbor without violating any of the provisions of 
the Commission’s standard of cleanness. The purification works, he thinks, should be 
able to remove the unsightly and offensive floating suspended matters of the sewage 
‘and insure that the effluent becomes invisible and inodorous when mixed with the 
harbor waters. So far as oxidation is concerned, Dr. Rideal thinks that sufficient 
oxidizing treatment should, and can, be given to the sewage to keep the effluent from 
absorbing more than one-half of the oxygen in the harbor water. 

The reagents which are considered available for the oxidation of the sewage are 
few in number. They include manganates and permanganates and oxidized com- 
pounds of chlorine. The first two would be prohibitively costly. Even the cost of 
hypochlorite, the cheapest oxidizing agent, would be too expensive for use with crude 
sewage, according to Dr. Rideal’s report. It would be necessary to use it as a fin- 
isher to the mechanical or bacterial process which would remove much of the floating 
suspended matters. Sedimentation basins having from 4 to 20 hours’ flow are sug- 
gested to accomplish the removal of the solids, the basins to operate on the principle 
of septic tanks or sludge-digesting tanks. 

In addition to their main function of retaining and digesting the solids so as to 


reduce the cost of the chemicals, the basins would prevent sludge from forming on the 
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harbor bottom. In Dr. Rideal’s opinion, the advantage to be gained in this respect 
would be of small value, for he does not think that the sludge deposits in New York 
harbor are as responsible as the liquid part of the sewage in exhausting the dissolved 
oxygen from the water. . 

If it was not possible to secure space for septic or sludge-digesting tanks on land, 
Dr. Rideal thinks the tanks could be erected in the water along Manhattan Island 
and elsewhere with the necessary chemical equipments by their side. He suggests 
that the basins be covered to prevent nuisance. The sludge having attained its main 
decomposition without oxygen could, in Dr. Rideal’s opinion, be discharged into the 
harbor with no fear of absorbing much oxygen afterward. The effluent should be 
treated at the outlet by a small quantity of the oxidizer. By the use of such tanks as 
he proposes, Dr. Rideal thinks that hardly any pumping would be required. 

The report contains calculations on the amount of chlorine necessary and, in these, 
due account is taken of the oxygen required by the sewage, the quantity of oxygen 
which is brought by tidal action into the harbor from the ocean, that which is contrib- 
uted by the land water from the rivers and that which is absorbed from the atmos- 
phere. The object of the chemical process would be to supply only enough oxidation 
to supplement the natural process which proceeds in the harbor. . 

To completely oxidize the 1,500,000,000 gallons per day of sewage included in the 
estimates, Dr. Rideal finds that 1,280 tons of available chlorine would be required per 
day. Basing his opinion on experiments made with Philadelphia sewage, the report 
indicates that New York harbor sewage could be disinfected with a good quality of 
chloride of lime in the proportion of 27.9 tons for screened sewage and 19.5 tons for 
screened and settled sewage. In another way it is calculated that six parts per million 
is the proper dose which is likely to prove effectual. 

The chlorine could be added, in Dr. Rideal’s opinion, in the form of chlorine gas, 
bleaching powder or as sodium hypochlorite produced from an electrolyzed solution 
of sodium chloride. The supply of sodium chloride could be obtained from the harbor 
water or from a solution of rock salt. Sea water might not be strong enough for 
practical purposes, its weakness possibly requiring works of too large size. Electric 
bleach works usually operate with 5 to 15 per cent. sodium chloride solutions. 

A considerable part of Dr. Rideal’s report is devoted to the question of forced 
aeration as a method of sewage disposal and the results of various calculations are 
given to show that it would be impracticable to oxidize New York sewage by this 
means. At the conclusion, the report recommends that chlorine treatment be given 
serious consideration along the two following lines: 1, Preliminary screening and 


sedimentation to produce a non-fermenting sludge which can be discharged into the 
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harbor waters separately without robbing them of any dissolved oxygen, and, 2, a 
chlorine treatment of the clarified effluent to such an extent as will insure the pro- 
posed minimum standard of 3 ¢.c. of dissolved oxygen per litre being maintained 
throughout the whole of the harbor waters. 


THE COMMISSION’S OPINION 


The Commission has given careful consideration to Dr. Rideal’s recommendation 
and as a result does not regard his proposition as affording a practical solution of 
New York’s sewage problem. 

Experiments have shown that the amount of chlorine which it would be neces- 
sary to apply to settled sewage in order to produce a material reduction in the dis- 
solved oxygen required would be so great, its sterilizing effects so powerful and its 
odor so penetrating as to make it probable that the entire harbor would become ster- 
ilized and smell disagreeably of the disinfectant. 

Theoretically a powerful oxidizing agent, chlorine appears to be capable of pro- 
ducing an appreciable oxidizing effect upon sewage only in concentrations which it is 
impracticable to employ. In moderate concentration it is a poisonous gas easily sol- 
uble in water, from which it can be completely driven only with difficulty. 

Hitherto chlorine and hypochlorite have been used in water and sewage treatment 
only as disinfectants, minute doses being usually sufficient to accomplish the desired 
end. In the arts, chlorine compounds are used extensively for bleaching purposes. 
There are no works for the chemical oxidation of sewage now operating upon this 
principle and it appears impossible to give reasonable assurance that the process 
suggested can actually be carried out. Used as a disinfectant, the Commission 
is of opinion that chlorine perhaps prepared from electrolyzed sea water may 
be found to be of considerable service in dealing with certain parts of New York’s 
sewage. 

The cost of oxidizing the sewage by means of chlorine would be excessive, espe- 
cially in view of the ample provision which would have to be made for the preliminary 
septic tanks or basins capable of producing a non-fermenting sludge. It is not clear 
why the fermentation of sludge appears to the author of the report to be a necessary 
step in the process. If thorough sedimentation could be provided for all the sewage 
entering the harbor, it would seem from the Commission’s researches to be permis- 
sible to dispense with the oxidizing process. 

The idea of discharging fermented sludge into the harbor is apparently contrary 
to the federal laws which have been enacted for the protection of the navigable chan- 


nels against shoaling. 
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Dr. GEORGE SOPER, 
PRESIDENT, METROPOLITAN SEWAGE COMMISSION OF NEW YORK. 


DeEAR Dr. Soper: Since my inspection with you of the New York Harbor, and 
especially the East river, on October 2d, I have read your two reports with much in- 
terest and will now try and answer the questions which you have put to me in your 
letter of October 3d. 


Before doing so, however, I should like to congratulate the Commission upon the 
very valuable information which these reports contain, and the clearness with which 
the facts have been marshalled; so far as I have at present been able to study the 
problem, I feel that the proposed standards* are both desirable and feasible, and it is 
to be hoped that the treatment of the sewage of your future population will be de- 
signed in such a way as will ensure that the standards will not be infringed. 


You ask my opinion on the condition of the Harbor water as I saw it on my trip 
of inspection on October 2d, and I must say that I was surprised that a city claiming 
to be one of the first in the world should allow such a disgraceful condition of affairs 
to exist even for a moment. One cannot blame the past for creating a city popula- 
tion on an island surrounded by land-locked waters, nor complain of its rapid devel- 
opment to the surrounding shores, but surely for many years past such an unfortunate 
condition of the Harbor waters and\banks of your great city should have prompted 
the authorities to have earnestly tackled this great blot upon your civilization earlier 
in the development of your city. I understand that whilst the work of your Commis- ~ 
sion has been in progress during the past few years, your neighbors in New Jersey, to 
whom the purity of the Harbor waters is of equal importance, have not joined hands 
with the City of New York and associated themselves with the desire to stop the dis- 
charge of unpurified sewage and polluting waters into the Harbor. In my opinion it 
behooves the two States to work hand in hand at once in order to satisfactorily solve 
the problem, and that further delay must inevitably lead to serious sanitary troubles 
which will militate against the life and well-being and future prosperity, of not only 
the riparian population, but of the whole of your great metropolis.+ 


The main question which you have asked me to consider can hardly be dealt with 
in a short report nor without a prolonged study of the main details chiefly of an en- 
gineering character. Assuming a collaboration of the whole of the authorities now 
polluting the Harbor waters, I am of the opinion that our present knowledge of sew- 
age purification makes it possible to sufficiently purify the sewage in the territory on 
properly selected local sites so that the effluent may be harmlessly discharged into the 
waters. In making this positive statement and thus giving an affirmative answer to 
your question so definitely, I am guided by the evidence which you have collected, 
which shows that at the present time the waters of the inner Harbor, as a whole, have 
not under present conditions fallen below your suggested standards, and that it will 
be possible in the future to banish bathing and oyster culture (as suggested in your 
oth standard) from any part of the Harbor north of the Narrows, or in the Arthur Kill, 
and to deal specially with Jamaica Bay and elsewhere where these two are practised. 


*The Degree of Cleanness Which is Necessary and Sufficient for the Water. See the Commission’s Report of 
August, 1912, Part II, Chapter I, Page 70. 


__ tThe Metropolitan Sewerage Commission endeavored to secure the co-operation of New Jersey in its work, but 
without result. See Report of April, 1910, Part I, Chapter I, Page 43. 
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We have then to recollect that the problem kept foremost in a harbor is not to 
purify the sewage, but a far simpler one, i. e., the removal of unsightly and offensive 
floating suspended matters, and to ensure that the effluent is invisible and inodorous 
when mixed with the Harbor water. This being the object in view, I believe that the 
removal of the floating suspended matter can be effectively carried out locally on re- 
stricted areas of land or in restricted areas of water at fixed points, dealing with 25 
to 30 million gallons of sewage per 24 hours, and therefore by judicious selection of 
sites these can be multiplied to deal with the prospected future population, and that, 
consequently, the heavy costs involved in any scheme of discharging the whole of the 
Sewage to sea at the ocean entrance to the Harbor or disposal on farm land on sewage 
farms on Long Island, or bacterial treatment on Barren Island, would be negatived. 

When you ask me to discuss the methods of oxidizing sewage you mean “how can 
the waters of New York Harbor be kept half saturated with oxygen as at present.” 

It would seem at first sight that additional oxygen or air could be directly ap- 
plied to the Harbor waters to comply with this requirement, and I understand that a 
method of forced aeration to accomplish this object has been seriously discussed. But 
I point out further that the rate of absorption of oxygen from air is slow, and that 
even by agitation the maximum amount of oxygen capable of being absorbed by 
sewage iS approximately the same as that which can be absorbed by water, and we 
have now the fact, as well shown in your report, that the present flow of sewage is 
absorbing gradually at the surface the oxygen of the air over the Harbor waters and, 
in addition, is consuming the dissolved oxygen from these waters to the extent of 
nearly half. 

In reference to your first question, as to other ways of oxidizing the sewage than 
by biological methods, i. e., by the use of chemicals, the following are the only ones 
that have practically been found available: 

1. Manganates or Permanganates. The report of the British Commission of 
1882 on the effects of the discharge of the sewage of London into the Thames found 
that it was possible to thoroughly deodorize (and presumably efficiently sterilize) 
sewage by permanganate and sulphuric acid (giving ozonized oxygen) either before 
or after the removal of the suspended matter by precipitation (Vol. XI, p. 142). 
Sodium manganate, as a cheaper salt, was used for the London sewage from 1884 to 
1894 by introducing it into sewers at different points; being strongly alkaline, it dis- 
engaged ammonia, which was neutralized by acid treatment at the outfall. The process 
was expensive, and was generally abandoned in favor of bacterial methods, or lime- 
iron-alumina precipitations. 

There is no doubt that the manganese oxides in the sludge act as carriers of 
oxygen and promote its oxidation, and Adeney in 1894 founded a process of purifica- 
tion on this fact. It was hoped that the manganese could be economically recovered 
from the sludge, but this has not yet been done. 

2. Oxidized Compounds of Chlorine are much more economical. My experience 
at Guilford is well known, in which I found a great advantage in treating the raw 
sewage direct with an electrolyzed salt solution, called “oxychloride,” containing 
sodium hypochlorite, instead of using ordinary precipitants of the lime, iron and 
alumina class. The benefits noticed were (1) disappearance of nuisance, (2) reduc- 
tion of volume of sewage, (3) stability of sludge and effluent. 

In other places “chloros” (a chemically prepared sodium hypochlorite), and 
bleaching powder (calcium compound), have been used with similar success. 
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The proportion of these chlorine oxidizers can be easily controlled so that the 
effluent should be sufficiently sterilized and should be harmless, securing in the terms 
of your letter: 

(a) “absence of odor,” 

(b) “restricted areas of land,” 

(c) “freedom from substances poisonous to fish.” 

At the same time the matter is a question of expense. 


The hypochlorite treatment involves no “heavy expense for pumping,’ but the 
cost of the chemicals if applied to such large volumes of raw sewage would be exceed- 
ingly great. 

I’rom this arises the necessity of applying mechanical and bacterial processes in 
the first stage, and reserving the oxidizing agent as a finisher. To quote an example 
from my own practice, a raw sewage required 50 parts per million of available 
(active) chlorine for sterilization of pathogenic organisms; after passage through a 
septic tank about half (24) sufficed; and when passed afterwards through porous 
gravel, 10 to 5 parts did the same work, proving that it is better to apply a prelim- 
inary treatment. 

I cannot do better than quote from my book on “Sewage and Its Purification,” 
third edition, p. 188: 


The simple treatment of raw sewage by means of a septic tank and then addi- 
tion of the solution would be sufficient for a large number of cases where the 
organic purity was of less importance than the removal of pathogenic organisms, 
as in localities close to shellfish gathering-grounds or watercress beds. For both 
of these, and particularly for vegetables, complete organic purification might be 
a disadvantage, as depriving them of food. In places where open septic tanks 
had been objected to on account of suggested nuisance, closed tanks could be 
adopted of a rather smaller size than usual, the solution being added in a covered 
carrier with baffle plates as the effluent passed out, with a certainty of removing 
all objectionable odors. If existing tanks are divided by a party wall into two 
unequal chambers; in the first of say twenty hours’ dry weather capacity, the 
anzrobic preparation could go on as at present; while in the second, of say four 
hours’ capacity, the chlorine solution would be added in sufficient quantity to 
cause the remaining suspended solids to subside in a more or less sterilized con- 
dition, and the effluent to be free from smell and objectionable organisms. The 
cost and space required for primary, secondary and tertiary beds would in this 
way be saved. I believe that the method, in the case of seaside towns and those 
discharging into estuaries, would greatly contribute to local healthy conditions, 
and would ensure the absence of unsightly sewage matter on the shores. 

In comparing quantities the sewage in the United States being generally more dilute 
than that in Europe will require as a rule a smaller amount of oxidant. At the same 
time there will be a greater necessity for sterilization, since there will be a larger vol- 
ume of water fouled. The map* shows an enormous bacterial increase from the upper 
parts of East river and the Hudson down to the city. The greater number of these 
organisms act as scavengers, but a smaller proportion are pathogenic, ‘derived from 
the inhabitants or animals. It is fortunate that species, like Bacillus typhosus, are 
more easily killed by chemical treatment than harmless other kinds, like B. subtilis, 


* See the Commission’s Report of August, 1912, Part III, Chapter II, Pages 264-5. 
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which are actually useful in breaking up cellulose and organic debris and do their 
work naturally in sewers and in a septic tank. 

With reference to your second question as to whether the presence of sludge on 
the harbor bottom accounts for the exhaustion of oxygen from the water. 

Sludge absorbs oxygen in variable proportions according to its composition, but 
its action, as a sediment, on a liquid above, particularly when the latter is in motion 
as in river channels, is very slow. Therefore I agree with your Commission as to the 
importance of the sludge, but consider that the aqueous liquid of the sewage must be 
more responsible for the exhaustion of oxygen. 

In regard to your remark that “the processes must be applicable to not less than 
25 to 30 million gallons for each of many unit plants,” I see no reason why units of 
this character could not be adopted as it would be an advantage to have a separate 
treatment at each. 

If not possible to secure space for the septic or sludge digesting tanks on land, 
they could be erected in the water along Manhattan Island and in other places similar 
in form to a large swimming bath, with a sterilizing equipment by the side. A covered 
tank would prevent any nuisance, and the decomposition, being principally anzrobic, 
as we have found in septic tanks, is not attended by absorption of oxygen, and the 
sludge, having attained its main decomposition without oxygen, could be discharged 
with no fear of absorbing much oxygen afterwards. 

The effluent could then be treated at the outfall piers with a small quantity of 
oxidizer and in this way hardly any pumping would be required if the sites were 
selected with this object in view. 


ESTIMATION OF THE AMOUNT OF CHLORINE REQUIRED 


Referring to p. 20 of the Metropolitan Sewerage Commission’s Report of August, 
1912, and calculating the cubic feet into gallons (1 cub. ft. = 7.5 U. S. Gallons), it 
will be seen that the quantity of water which ebbs and flows through the Narrows 
may be taken as 90,000 million gallons per tide. The excess of seaward-moving water 
over that which returns is estimated at 9,750 million gallons per tide. Of this 8,250 
million gallons is accounted for by land water coming down from the Hudson and 750 
million gallons “flows toward the sea from the tidal actions in the East river.” 
These last factors account together for 9,000 million gallons, and leave an excess of 
750 million gallons per tide which is mainly contributed in about equal quantities by 
the sewage and local drainage entering the Harbor. This will be 1,500 million gallons 
per 24 hours. 

From the fact that the waters entering from above and from below contain an 
average of 6 cubic centimeters per liter of dissolved oxygen, whereas the water in the 
inner harbor must not in the future contain less than 3 cubic centimeters per liter, it 
follows that a reduction of dissolved oxygen of 3 c.c. per liter is permissible. At the 
same time atmospheric oxygen is dissolving in the water to replace that which has 
disappeared, so that the actual is greater than the apparent absorption. 

From experiments I have made on the absorption of atmospheric oxygen by 
waters (Analyst, London, August, 1901), I notice that it is very slow unless circula- 
tion interferes. 

Shallow layers (3 inches deep) of the following: 

A. Water vigorously boiled in a flask for two hours; 
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B. Sewage similarly boiled, with addition of boiled water to maintain the volume; 
©. Raw sewage; 
were kept in a quiet room and the dissolved oxygen determined at intervals. The 
results are given in the following table: 


TABLE XLIII 


A. Boiled Water B. Boiled Sewage C. Raw Sewage 

Hours |Temp.) C.C. per | Roscoe’s | percent. || C:C- per | Roscoe’s | parcent- | C-C: per | _Roscoe’s | percent. 
“| pissolved| at the | 28°°% |pissclved| vat the | 28° | pissoived| at the "| 8° 9 

O Satura- | “7 Ssoved) at vie | Satura- rd Satura- 
xygen | Tempera- ton Oxygen | Tempera- ion Oxygen | Tempera- ton 

Found ture Found ture Found ture 

Ler 14.0 3.17 qe 44.5 3.12 7.12 7.12 44.4 
2 aa 14.5 3.81 7.04 54.1 3.23 7.04 7.04 54.2 
3}. 15.5 4.41 6.89 64.0 4.12 6.89 6.89 61.8 
Sic 14.0 4.64 7.12 68.0 4.70 7.12 7.12 62.0 
li. oe 14.5 5.69 7.04 80.8 5.13 7.04 7.04 57.5 
25 eee 14.5 6.71 7.04 95.3 6.22 7.04 7.04 42.6 





The liquids deprived of gases have, according to the well-known rule, absorbed the 
gas (in this case air) very rapidly at first, so that in the first hour about half satura- 
tion was reached. Afterwards the absorption was very slow, and was not quite com- 
pleted, even in those thin layers in 25 hours. 


That the boiled sewage behaved in nearly the same way as ordinary water shows 
the effect of the absence of living organisms. 


In the raw sewage the absorption is at first normal, but after 5 hours the con- 
sumption of oxygen by fermentations overpowers the absorption from the air, and the 
amount in solution sinks, till in 25 hours it falls again to half saturation. This shows 
how rapid is the change when it once starts. Adeney observed that a water of a reser- 
voir contained at 5 feet depth 5.71 c.c. of oxygen per liter, at 20 ft. depth only 2.0, due 
to bacterial action. 


The saturation amount of dissolved oxygen found in the New York saline waters, 
namely 6 c.c. per liter, is equivalent to 8.6 parts per million of oxygen by weight. If 
in the Harbor it were reduced to 3 ¢.c., 4.8 parts per million parts would be abstracted 
by the combined sewage and drainage. This will correspond to 36 pounds of oxygen for 
each million U. S. gallons. Hence the total 1,500 million gallons of sewage and drain- 
age will have absorbed from its own volume 54,000 Ibs. or 24.1 tons of oxygen. But 
inasmuch as the water coming down is equal to 18,000 million gallons per 24 hours, 


and this has been equally denuded of oxygen, the total quantity of oxygen absorbed is 
24.1 18000 : cf : i 
7500. 289-2 tons, or in other words, the sewage and drainage are mixed with 


twelve times their volume of river water which it has half robbed of oxygen. To 
entirely replace this deficit would require the oxidizing power of its equivalent 
(8: 35.4), or 1,280 tons of “available chlorine.” But such a complete oxidation is not 
necessary because (1) it is considered that the state of the water in the Harbor is not 
at present objectionable, and will not become so unless there is a reduction of the 
dissolved oxygen below the present figure of 3 c.c. per liter and (2) chlorine has a 
sterilizing action beyond its oxidizing power and produces stable compounds. 
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Points that I have already noticed are: 

(1) The bottom layer of sludge absorbs oxygen very slowly from the mass of 
water above. 

(2) The replacement of oxygen by solution from the atmosphere at the surface 
is also slow. ; 

(3) These two actions tend to counterbalance one another, so that the loss of 
dissolved oxygen is essentially due to changes occurring in the liquid caused by its 
organisms living on its organic suspended and dissolved matter. 

Obviously, screening, and if possible, sedimentation, will remove the greater part 
of the suspended matter and reduce the deposition in the Harbor. Subsequent chlo- 
rine treatment of the effluent, besides destroying pathogenic organisms, will prevent 
offensiveness and limit the abundance of such organisms as cause deoxidation. I 
believe the sludge after fermentation may be discharged under water without offense 
and pass to the sea along with the natural silt of the river. 

At Philadelphia it was found that screened sewage treated with 150 lbs. of dry 
bleach (chloride of lime) per million gallons, equal to 6 parts per million of avail- 
able chlorine—or screened and settled sewage treated with 105 lbs. of bleach (4 parts 
per million available chlorine) was economically disinfected (Report Philadelphia 
Bureau of Surveys, 1911, pp. 127-128). Calculated on this basis the 1,500 million 
U.S. gallons of New York sewage and drainage would require in tons per 24 hours (the 
drainage is here assumed to be brought to the sewers and to need similar treatment) : 


TABLE XLIV 
Available - Chloride of Lime of 
Chlorine 33% Strength 
MET OCR SOCAL. Foo ik one se nis ob ese apts ol totes Bade 27.9 8 wy f 
For Screened and Settled Sewage...............2.00c0eee 19.5 58.6 





An estimate of the New York population at 6 millions and the sewage at 800 
million gallons gives 133 gallons per head. In England we have about 30 gallons per 
head—so that the comparative dilution is about one to four, and a less quantity of 
oxidizer would be required than we have found necessary in England. 

Assuming the sewage freed from suspended matters by screening and sedi- 
. mentation in a septic or Imhof tank we may therefore take one-fourth of 24, the fig- 
ure I obtained at Guildford, and thus arrive at 6 parts per million as the quantity 
likely to prove effectual. 


PROVISION FOR INCREASE OF POPULATION 


It is supposed that the present population of 6 millions will increase by 1940 to 
9 millions, which will add about one-half to the present effect of the sewage. If the 
existing position is pronounced satisfactory, it can be kept the same by adding a 
chlorine agent in progressively increasing amounts to balance the advance of 3 mil- 
lions in population. Then if we take our previous figures for the quantity of chlorine 
agent estimated for 6 million people, excluding drainage, this addition would pro- 
gressively reach by 1940, until the additional volume of sewage to be treated will be 
400 million gallons or in tons per 24 hours: 
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TABLE XLV 
Available Chlroide of Lime of 
SEWAGE Chlorine 33% Strength 
Sereened 263.5 scan te err he TO a eee 7.4 22e2 
Sereened and: Settled s 6 oo eee ie er eer on 15. 








Calculations show that, in most places, the purification of sewage by means of 
chlorine would be cheaper than purification by aeration. Now chlorine can be added 
in the following forms: 

A. As chlorine gas, the by-product of electrolytic alkali works. This would only 
be economical if there happened to be alkali works situated quite close to the pro- 
posed sewage treatment works. . 

B. As bleaching powder, made from the gaseous chlorine by-product of alkali 
works situated at a distance. These alkali works would probably be at a place where 
power is cheap, and bleaching powder is the best form in which chlorine can be trans- 
ported. At New York it would probably be possible to obtain bleaching powder from 
Niagara where power is very cheap; but it must be remembered that it is necessary 
to pay freight on the bleaching powder, which consists, only to the extent of about one- 
third, of active chlorine. 

C. As sodium hypochlorite, prepared in New York by the electrolysis of sodium 
chloride solutions. For this purpose, power derived from coal must be used, and this 
will be more costly than power from Niagara. At the same time the fact that the sub- 
stance is prepared on the spot saves the cost of its transport. 

As a source of sodium chloride, it would be possible to utilize either— 

1. The water obtained from the river at the proposed treatment station, three 
parts of which contains two parts of sea water, or 

2. Solid rock salt obtained from the nearest salt field. 

At first sight the former proposal, which utilizes sodium chloride that can be ob- 
tained free of charge, would seem the more economical. But this is not necessarily 
the case. The plant required to make hypochlorites from a dilute chloride solution 
would have to be, ceteris paribus, far larger than a form employing strong solutions. 
The capital cost and maintenance and depreciation charges would thus be increased, 
and most processes work actually more efficiently when high concentrations are em- 
ployed. It is more difficult to fix beforehand the cost of making hypochlorites from 
sea water since, up to date, most plants have been designed to use solutions containing 
between 5 and 15 per cent. of sodium chloride. If it were determined to use these 
strong solutions they could be made by dissolving rocksalt in the river water which 
already contains some sodium chloride; this would economize rocksalt. The cost of 
production by processes using solid rocksalt as the source of chlorine would be easier 
to calculate without special experiments, since there are more data available as to 
actual working experience in these cases. On the other hand, where the issues are so 
important, it would be worth while to investigate specially processes using dilute solu- 
tions and to consider if these could be further improved. 

It would be possible, if accurate information as to the cost of power, salt, bleach- 
ing powder and labor in New York were provided, to give a definite opinion as to 
whether B, © (1) or C (2) would furnish the cheaper means of treating the sewage. 
It would doubtless be possible for you to find out whether there happens to be any 
factory on the spot which would be ready to dispose of its surplus chlorine, as such, 
for treatment of part of the sewage according to proposal A. 
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TREATMENT BY ForceED ABPRATION 


The report by Colonel Black and Professor Phelps in 1911 draws attention to the 
benefit of a “short period septic action,” with which I agree, but I do not consider that 
Subsequent forced aeration in a deep tank would give the improvement they anticipate. 
The method has been often previously proposed under the hope of “intensified oxida- 
tion,” but has not succeeded because atmospheric oxygen dissolves and acts so slowly. 

The amount of oxygen forced in artificially at considerable expense can only raise 
the oxygen content to its solubility of 7 ¢.c. per liter at any one time, and this would 
have to be repeated about 12 times to equal the quantity of dissolved oxygen now sup- 
plied by the river waters. A million U. S. gallons can only dissolve about .037 ton of 
oxygen so that the 800 million gallons can take up at one saturation nearly 30 tons. 

The report concludes that an air consumption of 0.1 cubic feet per gallon would 
be sufficient under the above conditions. As air contains about one-fifth of its volume 
of oxygen, this will be 15 volumes of sewage to 4 volumes of oxygen, and is equivalent 
to 38 repeated saturations even if the oxygen were completely taken up each time. 
We have no means of ascertaining how rapid this absorption will be locally—it must 
certainly take several days, and obviously involves the sewage remaining in the Harbor 
more than three times longer than it does at present as the rate of absorption grad- 
ually becomes slower. 

On this estimate 15 liters of sewage would require 4 liters of oxygen equal to 


72 
5.72 grams, and 1,000 liters of sewage would need AUER zal 3h grams oxygen. 


That is, a million grams of sewage corresponds to 381 grams of oxygen, or a million 
tons of sewage to 381 tons of oxygen. 

If 1 ton = 269 U. S. gallons, it is evident that a million tons = 269 million U. 8. 
gallons, and the present 800 million U. S. gallons of sewage per day would require 
to attain an air-consumption of 0.1 cubic feet per gallon: 

381800 
269 

This would be theoretically possible, but would involve four difficulties: 

(1) Holding up the sewage for 38 days, or such time as 88 saturations take, in- 
cluding: 

(2) Tankage for 388x800 = 30,400 million gallons of sewage, or such smaller 
tankage as would ensure sufficient time for the above absorption to take place. 

(8) Power to keep the air continuously bubbling through. 

(4) Almost certain nuisance from the smell carried off the sewage by the cur- 
rent of air. 


= 1130 tons of oxygen. 


AMOUNT OF THE PRESENT NATURAL AERATION BY RIVER WATER 


If the water coming down the Hudson, etc., contains 6 c.c. of oxygen per liter, 
this will be 8.6 parts per million by weight, corresponding to 8.6 tons of oxygen per 
million tons of river water. A ton of water being equivalent to 269 U.S. gallons, the 
proportion is 8.6 tons of oxygen in 269 million U. S. gallons of river water. 

The water coming down is 18,000 million U. S. gallons per 24 hours. Therefore 
the total amount will be in tons: ; 

18.000 million gallons < 8.6 

269 million gallons 
river waters. 


= 575 tons of oxygen brought down per 24 hours by the 
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The English Royal Commission (Fifth Report, p. 234) prescribes a maximum 
absorption of oxygen by a satisfactory effluent as 0.5 parts of oxygen by weight per 
100,000 parts by weight of effluent in 24 hours, equal to 5 tons of oxygen per million 
tons of effluent. The 575 tons of oxygen mentioned above would therefore supply 
2 = 115 million tons of purified English sewage effluent, but we have seen that 
there is no necessity for demanding such a standard of effluent for these waters. 

At present about 100 parts of oxygen per million is required by the sewage or 
twenty times the amount required by a first-class English effluent, and the 1,500 mil- 
lion gallons of New York sewage and drainage, by absorbing the above quantity of 
100 parts of oxygen per million, might rob the rivers of 292 tons, which we have seen 
is half the total oxygen in the rivers as measured by its present volume and oxygen 
content. 

An average rate at which oxygen is absorbed and consumed has been shown ex- 
perimentally by Adeney to equal 57.5 ¢c.c. per liter in 24 hours by polluted waters or 
in 48 hours 66 ¢.c., which is the quantity of oxygen in 1/1 times its volume of saturated 
water. We know from the quantity of dissolved oxygen in the Hudson that half its 
oxygen is now robbed by the present sewage, and that the volume ratio is 1 to 25 for 
the sewage or 1 to 12 including surface water and drainage. If the sewage has now 
absorbed the whole of the oxygen from 12 times its volume of fully aerated water, 
this is in fair agreement with Dr. Adeney’s experimental figures and shows the futil- 
ity of aeration unless repeated twelve or more times during the whole of the period of 
absorption. : 

I have seen the estimated approximate cost of the works for the disposal of the 
sewage upon farm land, and for the disposal to sea, and these show capital costs 
much higher than those for local small sedimentation tanks to remove the solids and 
for plant for chlorine treatment. It would appear that the saving in the capital 
charges would more than cover the working expenses of chlorine treatment, even as- 
suming that the working expenses of the former methods are small. 

It seems, therefore, desirable that the chlorine treatment should have serious 
consideration, and I recommend that detailed plans and estimates be prepared on 
these lines, viz.: 

(1) Preliminary screening and sedimentation to produce a non-fermenting sludge 
which can be discharged into the Harbor waters separately without robbing them of 
any dissolved oxygen, and 

(2) A chlorine treatment of the clarified effluent to such an extent as will ensure 
the proposed minimum standard of 3 c.c. of dissolved oxygen per liter being main- 
tained throughout the whole of the Harbor waters. 


(Signed ) SAMUEL RIDEAL. 
November 7, 1912. 
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SECTION III 


PURIFICATION WHICH CAN BE EFFECTED BY SETTLING BASINS AND 
A REPORT BY KARL IMHOFF UPON THE USE OF EMSCHER 
TANKS IN PURIFYING NEW YORK HARBOR 


Sedimentation is a standard form of sewage treatment which the Commission has 
recommended strongly in connection with some of its projects for the preparation of 
New York’s sewage before discharge into the tidal waters. It is the method of treat- 
ment proposed for the sewage after collection to the large central stations at Ward’s 
Island, Classon Point, Tallman’s Island and the Ocean Outlet Island. Its applica- 
tion locally as a general procedure for the sewage of Manhattan and Brooklyn, pre- 
paratory to discharging the effluent into the inner harbor, is a subject which has re- 
ceived much study. 

Sedimentation is accomplished in settling basins in which those suspended solids 
which are capable of subsiding from sewage are deposited when brought to a state 
of comparative rest. The rate of deposit is such that, to be effective, the capacity of 
the basins, which are sometimes called tanks, must be sufficient to accommodate the 
flow for one or two hours. With some types of basin, additional capacity is necessary 
in order to provide that some may be emptied for cleaning out the deposits. 


TYPES OF TANKS 


Settling basins are of various types and they are put to different uses according 
to the composition of the sewage which has to be dealt with, the area and location of 
the land available, the facility with which the resulting sludge can be disposed of 
and the condition desired for the sewage, especially with respect to decomposition. 

The earliest tanks were large, shallow and rectangular, and they received their 
sewage at one end and permitted it to flow out at the other. Baffles were occasion- 
ally constructed to provide for a uniform rate of flow, and the provisions for applying 
and withdrawing the sewage were intended to afford the best opportunity for deposi- 
tion to take place. The tanks were cleaned by drawing off the sewage and sending 
men with boots and squeegees to force the sludge to the proper outlets. There. are 
many large installations of tanks built upon this principle, some of which are covered 
and some open. Works built upon this principle are at London and Glasgow. | 


A more recent type of settling basin gives the tank approximately the form of a 
ship’s hull, the narrower shape and greater depth being intended to favor uniformity 
of flow and better deposition and the shape of the bottom so facilitating the removal 
of sludge that little or no hand labor is required. 
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Still greater provision is afforded for the collection and removal of deposits by 
making the tanks deep and with conical bottoms. The removal of the deposits is in 
this case effected by pumping or by the pressure of the overlying sewage and without 
the necessity of emptying the tanks. The Dortmund and Emscher tanks are of this 
type. Owing to the fact that deep tanks have but recently been invented, there are 
few practical examples of them in existence, but many have recently been put under 


construction and there will soon be numerous installations, some of them of large size. 


SEDIMENTATION PERIOD AND EFFICIENCY 


The period of time provided for the settlement of the suspended solids in sedi- 
mentation basins may be many hours, in which event the sewage with its sludge un- 
dergoes a putrefactive change known as the septic process. It was once supposed that 
septic tanks were capable of liquefying all of the suspended matter of sewage, but 
experience has shown that their capacity in this respect was at first greatly over- 
rated. Few septic tanks have been built for the treatment of large quantities of sew- 
age within recent years. 

The use of chemicals in connection with settling basins affords a means of has- 
tening and making more complete the deposition of the solid and semi-solid materials — 
which the sewage contains, but this useful result is accomplished at some expense 
and with the inconvenience of producing large volumes of sludge. 

The efficiency of settling basins depends partly upon the period of time which 
they afford for the suspended matters to deposit and partly upon the condition of 
the sewage with respect to freshness. The suspended solids can most readily be 
removed. before the sewage has passed through pumps or been subjected to the com- 
minuting actions which occur in passing long distances through the sewers. 

If the period of time afforded for sedimentation is too short, the purification 
effected will not warrant the cost of the works. Experiment on a comparatively large 
scale is desirable in order to determine the optimum period to provide. In the ab- 
sence of definite information, it is necessary to be guided by the experience of such 
cities as have had occasion to deal with sewage of a composition similar to that for 
which provision must be made. 

Such experiments as the Commission has been able to make with New York’s 
sewage, and such experience as has been gained elsewhere with sewage of similar 
composition indicates that the optimum period of time to provide for the sedimenta- 
tion of New York’s sewage would be two hours, this allowance to be based on the 
average rate of dry-weather flow. Under these circumstances, settling basins should 


be able to remove about 60 per cent. of the suspended solids, of which one-half would 
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be organic matter and capable of putrefaction. By the addition of chemicals, the 
efficiency could be increased so as to remove 85 per cent. of suspended matter and 
50 per cent. of organic matter. As compared with screens, such as experience indi- 
cates could be employed in New York without undue refinement and difficulty with 
operating details, sedimentation would be about four times as effective as screening. 

One advantage of chemical precipitation lies in the fact that it can be discon- 
tinued at any time and a saving in cost of operation effected when weather or other 
conditions make the use of so efficient a process unnecessary. 

Settling basins, like screens, are commonly referred to as preliminary processes 
of sewage treatment in reference to their ability to prepare sewage for application to 
percolating filters, contact beds and other finishing processes. Unless followed by 
some oxidizing process, such as is afforded by sprinkling filters or contact beds, 
settling basins leave the largest part of the work of purification to fall upon the nat- 
ural body of water into which the effluent is discharged. 

Of the removal of 60 per cent. of the suspended solid matter in the sewage con- 
taining 30 per cent. of the total organic matter about two-thirds is probably capable 
of making an appreciable demand upon the dissolved oxygen, leaving 80 per cent. of 
the organic matter originally present in the sewage to be discharged in the effluent. 
Settling basins providing for a two hours’ sedimentation period for the sewage of 
New York could alone not be expected to reduce the demand which the sewage would 
make upon the dissolved oxygen in the harbor by more than about 20 per cent. 

However insufficient settling basins may appear to be when regarded from the 
standpoint of the oxygen demand, they represent the most efficient process of sewage 
treatment which can be installed on a very large scale within the limits of New York 
City. Greater efficiency could only be provided by sprinkling filters or contact beds, 
and either of these would require excessively large areas of land and be certain to 
cause offensive odors during warm weather. It is the opinion of the Commission and 
that of all of its experts who have given careful consideration to the subject that 
sprinkling filters should not be employed anywhere within the city limits unless 
under exceptional conditions and in locations comparatively remote from residences 


and business places. 


DISPOSITION OF SLUDGE AND THE EMSCHER TANK 


One of the principal difficulties connected with the operation of settling tanks 
has hitherto been the necessity for disposing of their sludge. This material, a liquid 
black mud, consists partly of colloidal material which parts with its water only with 


difficulty and is susceptible of offensive decomposition under warm weather condi- 
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tions. The disposition of the sludge has long been regarded as the most troublesome 
problem in the entire field of sewage purification. This difficulty is greatest in 
crowded inland cities; it is least in seaboard cities for these can pump the sludge into 
tank steamers and carry it to the open ocean for disposal. London, Glasgow, Man- 
chester, Salford and Dublin dispose of their sludge in this manner. 

The Emscher tank is provided with a hopper bottom where the suspended solids 
of the sewage may settle and ferment without producing offensive odors or injuriously 
affecting the overlying sewage. By fermentation, the sludge becomes diminished in 
bulk and is reduced to a state in which it readily parts with its water when spread 
upon suitable drying beds. The tank is the invention of Dr. Karl Imhoff, of Essen, 


Germany, who holds patents for it in all the principal countries of the world. 


Recently introduced in the Emscher drainage district of Germany as a means of 
removing a large part of the suspended matters from sewage preparatory to discharg- 
ing it into a system of long, open drains which eventually empty into the Rhine below 
Cologne, the Imhoff tank has rapidly gained favor among engineers, and numerous 
plants operating upon this principle, most of them in connection with sprinkling 


filters, have been put under construction within the last four years. 


The Commission has given serious consideration to the use of Emscher tanks as a - 
means of preparing the sewage of New York for local discharge and for discharge 
from centrally located points, such as Ward’s Island and the ocean island. Desiring 
to obtain an authoritative opinion upon their use, and believing that the arguments 
which might be put forward in their favor by an advocate would contain the most 
favorable statements which could be made in comparison with other forms of sedi- 
mentation, the Commission, in 1912, requested Dr. Imhoff to make a report upon his 
invention as applicable to New York. 

Karl. Imhoff, Doctor of Engineering, of Essen, Germany, is an engineer of 
high standing both in his native country and abroad. Formerly connected with the 
Royal Prussian Water and Sewage Testing Station at Berlin, he has for some years 
been Engineer of Sewage Disposal of the Emscher District Drainage Board of 
Germany. 

In preparation for his report, Dr. Imhoff made an inspection of the harbor on 
September 30, 1912; an earlier inspection was made by him on May 26, 1911. Vari- 
ous conferences with members of the Commission and its staff, the examination of 
the Commission’s reports and some familiarity with American conditions gained on 
four short trips to America in the years 1909 to 1912 constituted Dr. Imhoff’s prep- 
aration for his work. 


As a basis for his report, a series of questions was placed by the Commission 
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before Dr. Imhoff. He was requested to express an opinion as to whether Emscher 
tank treatment was sufficient to bring about the standard of cleanness for the harbor 
which the Commission proposed in its report of August, 1912; how and where Em- 
scher tanks could be installed in the New York territory and, if Emscher tanks were 
not sufficient to accomplish the desired results, what other process should be com- 
bined with them. 


SYNOPSIS OF Dr. IMHOFF’s REPORT 


Dr. Imhoff’s report states that the suggestions made as to the practicability of 
constructing Emscher tanks in the built-up parts of New York and the use of 
chemicals are based upon assumptions and might have to be materially modified by 
local conditions. He says the question whether it would be feasible to build such 
works on the shores of the inner harbor depends upon the possibility of acquiring 
proper sites and upon the cost of land. He disclaims sufficient familiarity with con- 
ditions in the metropolitan district to warrant him in giving technical details. He 
has therefore only given capacity figures, intending that they should be used as a 
basis for calculation by the Commission. 

Dr. Imhoff considers the most difficult provisions of the Commission’s standard 
of cleanness to comply with are those which relate to deposits and to oxygen. He 
thinks it unavoidable that deposits somewhat resembling sewage sludge should occur 
through the death and decomposition of plankton which he says cannot thrive in the 
mixture of ocean and upland water which exists. Owing to the fact that sea water 
has a precipitating action upon all suspended matter and because of the unfavor- 
able conditions for the plankton, the harbor is not regarded by Dr. Imhoff as afford- 
ing favorable conditions for the assimilation of sewage. He agrees with Dr. Adeney 
that it is the sewage sludge which produces the intense nuisance which exists in places 
and not the liquid part of the sewage. The average figures for dissolved oxygen are 
not, in Dr. Imhoff’s opinion, capable of indicating the presence of offensive conditions 
due to the fermenting sludge. 

As to efficiency, Dr. Imhoff does not consider that Emscher tanks are capable of 
satisfying the Commission’s standard either with respect to. dissolved oxygen or to 
the deposit of sewage matters in the vicinity of sewer outfalls, but all the other re- 
quirements of the standard can easily be complied with. It is impossible for him to 
say how much sludge can be held back by tank treatment; he is inclined to consider 
the probable amount about one-half. He thinks that which would be retained would 
be more objectionable than that which escaped into the harbor. 

If Emscher tanks were not sufficient, their efficiency might be augmented by the 


addition of chemicals. The effect would be to remove practically all the suspended 
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matter and much of the colloid matter. More sludge would be produced and this, Dr. 
Imhoff says, would require that the sludge chamber in the tanks be increased about 
70 per cent. above the size required for plain sedimentation. The report states that 
Emscher tanks are capable of reducing the volume of sludge, even when chemicals 


are used. 


Dr. Imhoff is of the opinion that, if chemicals were used, that part of the Com- 
mission’s standard which refers to deposits could be practically satisfied, but it is 


doubtful whether the reference to oxygen could be complied with. 


In the outlying districts of the city, Emscher tanks could, in Dr. Imhoff’s opinion, 
be advantageously combined with percolating filters. In the city limits, filters of this 
type would not be admissible because of the large areas required and the nuisance 
from odors and flies which would be practically certain to arise from them. Chem- 
ical treatment combined with Emscher tanks is recommended by Dr. Imhoff as an 
alternative to sedimentation combined with percolating filters for such situations as 
are suitable for them. The plants which he proposes would consist of Emscher tanks 
with the application of precipitating chemicals, aeration and rapid filtration. This 
process, Dr. Imhoff states, would be cheaper and require less area than percolating 
filters. In winter, when the best treatment procurable was not needed, it would not 
be necessary to employ the chemicals, thereby saving a considerable amount of money 


over percolating filters which would represent a considerable investment. 


In Dr. Imhoff’s opinion, Emscher tanks can be installed in the built-up parts of the 
city. For local use, he says they should be placed at the mouths of the sewer outfalls, 
suitably grouped by means of intercepting sewers so as to produce a minimum total 
cost for Emscher tank treatment. The tanks gould be built, in his opinion, beneath the 
streets or in other open spaces and covered like the subways so as not to interfere with 
traffic overhead. Sludge pipes would carry the sewage by pumping to steamers at the 
water front which, after receiving the sludge, would carry it to the ocean for final 
disposal. Tanks built beneath the streets would not give rise to nuisance, the report 
says, because little odor would be produced and the gases could be taken care of by 
ventilation. 

Assuming 700 million gallons per day as the quantity of sewage to be dealt with 
and that one-eighteenth of the daily flow would run off in one hour, the cubic space 
which should be provided for settling basins on the Imhoff tank principle would be 
about 10,000,000 cubic feet if it was intended to provide for one hour’s period for 
sedimentation without chemicals. The amount of sludge produced would be about 
1,330 cubic yards per day. If chemicals were to be added to facilitate deposition, the 


sludge digesting chambers would have to be larger than for plain sedimentation. In- 
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stead of allowing 4,200,000 cubic feet as Dr.Imhoff advises that 7,000,000 cubic feet be 
provided. 


COMMENTS BY THE COMMISSION ON Dr. IMHOFF’S REPORT 


It will be observed that the sedimentation period provided for by Dr. Imhoff in 
his estimates is one hour instead of two, which most authorities regard as the optimum. 
The Commission considers that 50 per cent. is a rather large removal of suspended 
matter to expect for settling basins operating with a one-hour period. In this con- 
nection, it must be remembered that the supply of sewage is not uniform and that 
there are times when the flow is so much greater than the average that the settling 
period in basins intended to provide for one hour would be much reduced. Excep- 
tionally large amounts of suspended matter would be likely to be brought down by 
the sewage when the flow was greatest, in consequence of which it is possible that 
considerably more deposit-forming material would be carried through the settling 


basins into the harbor than might be expected. 


The Commission is in favor of chemical precipitation for those situations such as 
Wards Island, where the purification effected by plain sedimentation may in time not 
prove sufficient, and where sufficient protection to the harbor can be effected by 
settling the sewage more thoroughly. 

The assumption that the sewage deposits in the harbor do not make a material 
effect upon the dissolved oxygen is not in accordance with the Commission’s opinion 
nor with that of most other investigators of the New York problem. It is true that the 
amount of dissolved oxygen present in any large section of the harbor does not afford 
an infallible indication of the local nuisance which may occur from fermenting sludge. 
But the evolution of gas carries particles of the putrefying sludge into the overlying 
water and these particles possess a strong avidity for oxygen which makes itself felt 
not only where the bubbling occurs but elsewhere by diffusion. 

The water of New York harbor is not unfavorable to plankton, so far as the 
Commission’s knowledge of the facts extends. The average percentage of upland 
water in Upper New York bay and the Lower East river is between 30 and 40 
per cent., or roughly, the inner harbor is two-thirds as salt as the open ocean. If 
minute animals and plants which are natural to the sea are destroyed by upland 
water, and if upland fauna and flora are killed when they come into contact with sea 
water, there is no evidence to suppose that such a -fatal zone of change lies in the 
harbor of New York. The Commission’s observations indicate that plankton grow 
abundantly in these waters. See the results of microscopic examinations of river 


and harbor sediments showing living animal and vegetable forms in the Commis- 
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sion’s report of April, 1910, Part III, Chapter IX, pp. 419-421; the rapid rate at 
which solids were digested through these agencies, in the same report, Part III, 
Chapter X, p. 461-462; the location and extent of the shellfish whose food consists 
of plankton, in the same report, Chapter XI, Section II, pp. 472-476. The numerous 
analyses which have been made show that the putrefying deposits are largely due to 
sewage. See the Commission’s report of August, 1912, Part III, Chapter I, pp. 171-223. 

After giving careful consideration to Dr. Imhoff’s report and making various 
studies for such works in various locations, the Commission is compelled to state that, 
in its opinion, the suggestion that Emscher settling basins could be located in the 
built-up parts of the city would not be satisfactory. They would not be satisfactory 
because of their cost, probability of nuisance, and the practical certainty of public 
opposition. The relatively small efficiency which could be accomplished by them would 
not be commensurate with the cost of construction and maintenance. These state- 
ments apply to Emscher tanks and all other settling basins operating on the principle 
of plain sedimentation and they have equal reference to tanks operated on the prin- 
ciple of chemical precipitation. 

Tentative plans for the construction of Emscher tanks beneath the city streets 
had been prepared by the Commission before Dr. Imhoff’s report was made and his 
report states that he examined these plans and regarded them favorably. Since these 
plans represent what was intended to be a practical application of the idea of system- 
atic treatment of New York’s sewage by locally placed sedimentation basins and rep- 
resent in many respects the provisions which might be made for treating the sewage 
by sedimentation in Dortmund tanks for local discharge, they will be described here at 
some length. | 

The plans provided for a plant of 8 Emscher tanks having a capacity of 12,000,000 
gallons per 24 hours, with a settling period of one hour. They would be located be- 
neath a marginal street bordering the Hudson river or Lower East river. The prin- 


ciple was sedimentation without the use of chemicals. 


The tanks were circular in plan, 35 feet outside diameter and arranged closely to- 
gether in a single row which took up a large part of the space available between the 
sidewalk curbing on the one side and the bulkhead of the marginal street on the other. 
A pumping plant operated by direct-connected electric motors carried the sewage away 
from the works for discharge by means of submerged outlets or otherwise. The settling 
basins were protected by means of a coarse screen, simple grit chamber and automatic 
gate to prevent flooding. Blowers and air ducts were to be used in order to carry 
away the gases and water-saturated air from above the tanks; inlets were arranged for 
the supply of fresh air. 
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The tanks were to be 35 feet deep from the surface of the sewage to the extreme 
bottom. There was to be a space of 12 feet between the sewage and the top of the 
street paving overhead, the total depth of construction beneath the street pavement 
thus amounting to 47 feet. The total length of the plant was 343 feet. 

The sewage would be supplied through interceptors which would run along the 
water front to collect the sewage from the common sewers which otherwise would 
discharge into the harbor. Provision would be made for sending storm water in ex- 
cess of the capacity of the plant direct to the harbor and tide gates would be provided 
to keep the harbor waters from backing up past this overflow. The sewage would 
enter at one end of the plant, pass through the coarse screen and grit chamber and 
thence to the tanks by means of a channel running along one side of the row of 8 
tanks. After passing through the settling tanks, the effluent would be collected in a 
channel lying alongside of the tanks parallel to the channel supplying the raw sew- 
age and would flow to the pumps. The sludge would be retained until it was thor- 
oughly decomposed by fermentative action. It would then be removed by the hydro- 
static pressure of the overlying sewage to a sump well, whence it would be forced to 
a tank ship lying at a neighboring pier. The screenings would be removed in the 


same vessel. 


As the construction of the tanks would be close to the water front and largely in 
made ground, permitting percolation under a considerable head to the lower portion 
of the work, the method of construction to be adopted is a matter of importance. Two 
possible methods are suggested : . 

_By one plan the cylindrical concrete curbing or shell would be provided with a 
- cutting edge at the base and constructed in the upper few feet of the pit and above 
ground. This would be sunk by excavation inside, the shell sinking by its own weight 
or, if necessary, by an added load on top. Being, by its density, practically im- 
pervious, percolation would be cut off except from under the bottom. If this percola- 
tion should increase on sinking to such extent as to be unmanageable, it would then 
be reduced by allowing the pit to partially fill with water and the remainder of the 
excavation would be done by a clamshell dredge assisted, when necessary, by a diver. 

On reaching a point sufficiently below the proposed base of the tank, bags of con- 
crete would be placed over the bottom, serving both to hold the material down and to 
check percolation. If this were not entirely effective, grout could be pumped through 
holes to the underlying material. The pit would then be pumped out and the finished 
bottom laid. 

By the other plan the work would be started as before, but provision would be 
made for the insertion of a strong, watertight, timber bulkhead with air-lock before 
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reaching a point where the removal of water became difficult. From this point on the 
work would continue under compressed air, as customary in caisson work. 

In the completed tank, 35 feet in diameter and extending to a depth of over 40 
feet below extreme high tides, there would be an upward thrust on the base of some 
1,350 tons. To prevent floatation, this would be overcome by the weight of the struc- 
ture and the skin friction on the sides. The weight of the concrete work as designed 
would be about 1,000 tons and that of the steel, earth and paving in the roof and 
street surface about 200 tons, leaving 150 tons to be overcome by skin friction or 
about 70 pounds per square foot of exposed surface. If the margin of safety should 
not be considered sufficient for this (1) the thickness of the curbing could be increased 
sufficiently to give the added weight required (from 18 inches to not over 24 inches) 
or, (2) the empty tank could be so connected to the adjacent tanks filled with sewage as 
to be held in position by the latter. This could be effected by constructing the series of 
tanks in contact with each other. 

In order to provide head room for operation the roof covering the tank chamber 
is placed close to the street surface and is as shallow as practicable. In the estimates 
this is composed of 24-inch I-beams spaced 27 inches center to center, with bent plates 
between to support the street surface without jack arches, which would add consider-. 
able weight to the load. Further study would probably indicate some more econom- 
ical design that would be equally serviceable for this, such as the use of deeper built 
girders with buckled plates between, but the estimate is believed to be safe. 


The estimated cost of construction is: 


For! Emscher ‘Tank/Plant"| hc. canisc< oa tee ee ae ee $220,000 
For, Outlet:in Deep, Waterss (is4ncinad has on soe ee ee 14,200 
Totals 26.3 o:0 cays ets aa-ae yeaa all i sen ee $234,200 
The estimated annual charges are: 
For Operation: dalfg i Piccatae fun os ote Sees gs eee oe cee $13,250 
For Fixed Charges: 0.0.5 ovine «5 toa te DUS Coe ae a ener. 12,850 
Total 303 aitiias ds eS VE Sed Oe ae $26,100 


The total volume of sewage to be expected from the Lower East river, Hudson 
and Bay Division, not far from 1960, and the number of 12 mgd. plants required may 
be determined as follows: 


Volume of Number of Emscher 

Sewage mgd.* Tank Plants 
Manhattan: Hudson river............-.+..cceeece 255 22 
Hast river: 2.36 nese ee 193 16 

448 38 

Queens: Hast river /.62k.césl aceon sehen 75 6 
Brooklyn: ~ Hast rivers; -sc.. eater ee ee 240 20 
Buttermilk channel.................. 18 2 
Upper bay ier eve es come ee ee 105 9 

363 31 

Totals. int ooo roe ae oe Ee OS es 886 75 


*Million Gallons per 24 hours. 


REPORT OF KARL IMHOFF 311 


It is possible that in some places an Emscher tank plant could be constructed 
without pumps, thereby effecting a considerable saving, both in first cost and in 
maintenance charges. Where, however, the effect of the tide would be felt in sewers 
at the site of the plant, it would be necessary either to exclude the harbor water by 


tide gates and pump the sewage, or so construct the works as to act without reference 
to the tidal levels. 


Since a large part of the water front of Manhattan is at so low an elevation 
that the sewers lying but a few feet beneath the surface are tide-locked for 500 feet 
or more inland, there is poor opportunity for building Emscher tanks without ex- 
cluding the tide water. Provision of head room, amounting preferably to about 12 
feet above the sewage, would be impossible in most cases if the tanks were to be 
located upon the marginal streets. It is not clear whether Emscher tanks, unpro- 
tected from tidal influence, would operate satisfactorily even if the structural diffi- 
culties, due to want of head room, height of ground water and crowded space, could 
be overcome. The average period of sedimentation would be short and irregular, 


due to the alternate backing up and outflow of the sewage under the action of the 
tidal head. 


The tanks might be built at a sufficient distance back from the water front to be 
free from interference by the tides, but this would require the reconstruction of the 
common sewerage system throughout that part of the city which lay between the 
tanks and the water front. Another difficulty to be overcome, and a more serious 
one, would be found in the fact that the streets beneath the surface are already occu- 
pied with water and steam pipes and conduits for electric light, telegraph, telephone 
and power purposes. The Emscher tanks would have to be arranged in single file 
and, for a plant of moderate size, the length of street appropriated would be more 
than one block long. A plant to deal with 20,000,000 gallons would be about 570 feet 
long if the period for sedimentation was to be one hour and about 1,100 feet long, or 
more than one-fifth of a mile, if the sedimentation period provided was two hours. To 
deal with all the sewage which will be produced by Manhattan Island in 1940, an 
aggregate of about 314 miles of tanks would be required, if the sedimentation period 


was one hour, and about 7 miles, if this period was two hours. 

Serious question might be raised, in the Commission’s opinion, as to the proba- 
bility of trouble from the gas given off in the fermentation of sludge in Emscher 
tanks when placed in crowded positions beneath the city’s streets. The odors might 


not be offensive, although this is not certain, but large volumes of inflammable gas 
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would be produced and this, when mixed with air in the confined space beneath the 
street pavements, might lead to explosions. 

Private property might be acquired, either by purchase or by condemnation, to 
serve as sites for Emscher tank installations, and, if this were done, some of the 
difficulties, especially those which relate to crowding, want of ventilation and incon- 
veniently long collections of tanks, could, in large measure, be overcome. Settling 
basins so located would not reduce the chance of nuisance nor the public protest 
which might reasonably be expected against them, nor would they add to the 
ability of the works to purify the sewage, and the cost of the land would add to the 


expense. 


There is no precedent, so far as the Commission is aware, for such extensive 
underground sewage treatment works as are here discussed. No city seems to have 
placed settling tanks of large capacity, operating with or without sludge fermenting 
chambers, beneath the street pavements. No plant of Emscher settling tanks has thus 
far been constructed to operate with such tidal interference as would be met with 
(unless avoided by tide gates and pumping) in the most congested sections of the 
city. 

As to the removal of the sludge, Emscher tanks undoubtedly afford one of the 
best means of overcoming the difficulties of cost of sindge disposal in inland cities. 
But New York is particularly favored in being close to the sea and so able to ship its 
sludge to the open ocean at less cost than any other method of disposal. Whether 
it would be feasible to transport fermented sludge, charged as it is with gas, un- 
less special provision for the escape of the gas was made on the ships, appears 
doubtful. . 

The comparative value of Emscher tanks and other deep tanks in which sludge 
is not digested lies in the opportunities which are afforded by Emscher tanks for the 
fermentation of the sludge and the consequent reduction in its volume. This advan- 
tage is gained at the cost of providing a large storage place for the sludge at the 
bottom of the compartment in which the suspended matter deposits and ferments. In 
New York the construction of the deep sludge chamber would be very costly. So far 
as the Commission has been able to cover the point in its studies and estimates, it 
would appear that the peculiar advantages which the Emscher type of tank affords 


over the Dortmund are not warranted by the greater cost of the Emscher tanks. 
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REPORT OF KARL IMHOFF 


TO THE PRESIDENT AND MEMBERS OF THE METROPOLITAN SEWERAGE COMMISSION OF NEW 
YORK. 


GENTLEMEN: The following questions have been put to me by Mr. Soper, President 
of the Metropolitan Sewerage Commission: 

(1) Is Emscher Tank Treatment sufficient to bring about the standard of purity 
required by the Commission? (Report August 1, 1912, p. 70.) 

(2) How and where may Emscher Tanks be installed? 


(3) If Emscher Tanks are not sufficient, with what other process should they 
‘be combined? 


Sources of Information: 


“Report of Metropolitan Sewerage Commission, April 30th, 1910.” 
“Report of Metropolitan Sewerage Commission, August 1st, 1912.” 
_ Preliminary Reports of the Metropolitan Sewerage Commission Nos. I, II, III, 

and IV, dated September, 1911, November, 1911, November, 1911, and July, 1912. 

Four short trips to America in the years 1909-1912. 

Inspection of New York Harbor May 26th, 1911, in company with Mr. Soper and 
his first assistant, Mr. John H. Gregory. 

A conference, September 30th, 1912, with Mr. Soper regarding the results of in- 
vestigations made in the preceding year. 


QUESTION NUMBER ONE 


Is Emscher Tank Treatment sufficient to bring about the standard of purity re- 
quired by the Commission? 
These standards are as follows: 


(1) Garbage, offal or solid matter recognizable as of sewage origin shall not be 
visible in any of the harbor waters. 

(2) Marked discoloration or turbidity, due to sewage or trade wastes, efferves- 
cense, oily sleek, odor or deposits shall not occur except perhaps in the immediate 
vicinity of sewer outfalls, and then only to such an extent and in such places as may 
be permitted by the authority having jurisdiction over the sanitary condition of the 
harbor. 

(3) The discharge of sewage shall not materially contribute to the formation of 
deposits injurious to navigation. 

(4) Except in the immediate vicinity of docks and piers and sewer outfalls, the 
dissolved oxygen in the water shall not fall below 3.0 cubic centimeters per liter of 
water. Near docks and piers there should always be sufficient oxygen in the water 
to preyent nuisance from odors. 


(5) The quality of the water at points suitable for bathing and oyster culture 
should conform substantially as to bacterial purity to a drinking water standard. 
It is not practicable to maintain so high a standard in any part of the harbor north 
of the Narrows, or in the Arthur Kill. In the Lower Bay and elsewhere bathing and 
the taking of shellfish cannot be considered free from danger within a mile of a sewer 
outfall. 
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Of these five standards Nos. 2 and 4 are, so far as this report is concerned, the 
most vital. They will therefore be considered first. 

Standard No. 2 says plainly: “Deposits shall not occur except perhaps in the 
immediate vicinity of sewer outfalls.” This is a requirement very difficult to satisfy. 
Sludge deposits occur in tidal harbors at the mouths of rivers even when there is no 
discharge of sewage into the harbor. The fine mineral matters held in suspension in 
every river water, such as, for example, the fine clay particles, settle out rapidly as 
soon as they reach the brackish water zone, and for this reason deposits of sludge are 
always found in harbors situated at the junction of land rivers and large salt water 
bodies. These sludge deposits, however, are different in appearance from ordinary 
sewage sludge deposits. 

Further, the plankton (a term designating, collectively, the minute animal and 
plant life in a water) of the river water forms deposits at the junction of a river 
with salt water bodies. As long as this plankton is alive it neither settles nor floats, 
but remains in suspension due to its life energy. As soon, however, as the fresh 
water is mixed with salt water, or sea water, the plankton of the fresh water finds 
itself in an unfavorable environment, dies, settles out and remains as sludge. 
Again, sea water also contains plankton, but plankton of an altogether differ- 
ent kind. It also dies when fresh water is mixed with its sea water environment. 
Therefore, in the brackish zone (1. e., that area in which is found a mixture of sea 
and land waters) there is a continual process of dying off and settling out of plank- 
ton of both kinds. 

The natural river sludge and this dead plankton sludge, however, do not settle - 
out in a layer of uniform thickness on the bottom of the brackish zone. The tides in 
this brackish zone are the cause of continually reversing currents, and these currents 
shift the light sludge about until it finally finds itself in positions where the velocity 
of currents is sufficiently low to permit of its remaining there. Such positions will, 
of course, be near shores, on flats which are alternately covered and uncovered with 
water, and in the wharves and docks. In such places as these the sludge can ac- 
cumulate in large quantities, and in these sludge accumulations decomposition will 
take place. Sludge of plankton origin taken from such places is generally black and 
contains gases of decomposition. Hence it is often difficult to distinguish between it 
and half decomposed sewage sludge. 

In any brackish zone, therefore, sludge deposits occur other than those due to 
sewage, and are often in appearance similar to sewage sludge. In Standard No. 2 
presumably only such deposits are referred to as arise from sewage sludge. 

The pollution in sewage consists of: 

(1) The suspended matters (such as fecal matters, street washings and kitchen 
refuse). 

(2) Dissolved matters (such as urine, trade liquors, etc.). 

(3) Colloidal matters, which are in character between dissolved and suspended 
matters. 

Of these polluting matters the greatest part of the suspended matters forms 
sludge when the sewage is caused to flow slowly through a tank. If the sewage is 
permitted to flow into a harbor without tank treatment, as is now the case in New 
York City, it is certain that at least that portion which settles out in tanks will settle 
out in the harbor. But when sea water is present sludge forms to a larger extent 
than this. Not only the larger part, but practically all of the suspended matters 
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settle out, principally due to the influence of the salt water. Even a large part of 
the colloidal matters may be thrown out from this cause. Of the dissolved matters 
it is probable that only a very small portion will form sludge, as the formation of 
sludge from dissolved matters is mainly a result of that which is generally termed 
self-purification; and there is only a low degree of self-purification in brackish 
waters. This is because self-purification, so far as the dissolved organic matters are 
concerned, is mainly brought about by the action of plankton, and, as has been out- 
lined above, brackish water contains only a very small amount of living plankton. 

In general, then, it is only the dissolved matters which are carried out to sea 
before they have a chance to form sludge. Through tank treatment alone, therefore, 
it is not possible to prevent all deposits of sludge. It is difficult to say how much of 
the sludge formed under the New York conditions may be held back by tank treat- 
ment. I assume, for purposes of estimation, that the quantity may be reduced by 
half. But it should be kept in mind that the sludge which is held back by tanks is 
that portion which is most objectionable, and most likely to produce nuisance. In 
fact, it is problematical whether the remaining portion is at all capable of produc- 
ing a nuisance under the conditions obtaining in New York Harbor. 

From the foregoing it is evident that the above-mentioned part of Standard No. 
2 cannot literally be satisfied by tank treatment alone. 


Standard No. 4 may be here repeated: 


“Fyxcept in the immediate vicinity of docks and piers and sewer outfalls, the dis- 
solved oxygen in the water shall not fall below 3.0 cubic centimeters per liter of 
water. Near docks and piers there should always be sufficient oxygen in the water 
to prevent nuisance from odors.” 

That is, with 60 per cent. of sea water and 40 per cent. of land water, and an ex- 
treme summer temperature of 80° F., there shall always, except near docks and piers 
and sewer outfalls, be 58 per cent. or more of oxygen saturation. 

Referring to Plate “G” of the August 1, 1912, Metropolitan Sewerage Commis- 
sion Report, which shows the average dissolved oxygen content of samples taken 
between June 27 and July 28, 1911, the following values are significant: 


Middle of Hudson River, opposite W. 42nd Street.................... 58% 
Mouth of Hudson River, opposite the Battery, 14 mile from shore....... 54% 
Middle of East River, opposite Lawrence Point..............see evens 56% 
Middle of Upper East River, opposite College Point................... 55 7 
Middle of. Hast River, near; Brooklyn Bridge. : 52.1... oe een oe ee oe 54% 
Upper Bay, 1.25 miles out from 40th St., Brooklyn................... 59% 
Mouth of Harlem River, opposite Willis Avenue Bridge................ 28% 
Middle of Harlem River, opposite Madison Avenue Bridge.............. 35% 


None of these samples were taken in the immediate vicinity of sewer outfalls, 
docks or piers, and it is evident, therefore, that the 58 per cent. limit is reached, and 
in many cases exceeded, at the present time. The population of New York City for 1910 
is estimated at about 4,600,000; for 1940—8,660,000, nearly double. If Emscher tanks 
are sufficient, therefore, the work they must do is not only to keep the oxygen figure up 
to 58 per cent. now; they must do more—they must raise the oxygen percentage to 
such a point above 58 per cent. that the increased pollution passing the tanks, due to 
the increase in population, will not by 1940 depress it lower than 58 per cent. 

I am thoroughly in accord with the opinion expressed by Dr. Adeney that it is 
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the sludge in New York Harbor which causes the nuisance, the evident nuisance, and 
not the liquid sewage. There is no doubt that local deposits of sludge putrefy and 
form gases; and that these putrefying sludge masses are at times impelled towards 
the surface by their gaseous content, mingling intimately with the waters and pro- 
ducing various forms of nuisance. At these points the oxygen content of the water 
decreases very rapidly, due to the stage of decomposition of the disseminated sludge 
particles. 


If it is desired to base an opinion regarding the intensity of pollution of the 
harbor upon such occurrences as these then the oxygen content of the water is an 
approximate index. It should be kept in mind, however, that this is at best merely a 
local index, and that in general the average oxygen content of so large a harbor as 
that of New York is more dependent upon the liquid sewage content than upon the 
sludge deposits. Since, however, as has been pointed out above, the dissolved or- 
ganic matters do not cause the evident nuisance, average figures of oxygen content 
are not an index of such nuisance under the conditions prevailing in New York 
Harbor. 

However, the question as to the value of the oxygen content as a pollution index 
is not within my province to discuss further. I am simply asked whether tank treat- 
ment will keep the oxygen content generally in the harbor as high as 3 c¢.c.’s per liter. © 

Therefore I am forced to reply literally that since tank treatment can only at 
best reduce the sludge deposits, and since it is not these sludge deposits which prin- 
cipally affect the average oxygen content, it is not certain that even at the present 
time tank treatment will satisfy Standard No. 4; and it is much less certain in 1940. 

Thus far I have considered only the two difficult requirements. 

Standards No. 1 and 3, and that part of Standard No. 2 not concerning itself with 
“deposits” can be satisfied by tank treatment alone. 

Standard No. 5 does not concern itself with the state of pollution of the harbor. 
It merely, in effect, indicates the distances to which bathing places and shellfish areas 
shall be removed from sewer outlets. ; 


To sum up, the first question may be answered as follows: Tank treatment is suffi- 
cient to bring about the standard of purity required by the Metropolitan Sewerage 
Commission with the exception of that clause of Standard No. 2 referring to deposits, 
and of Standard No. 4, referring to the oxygen content. These two requirements, 
namely, that except in the immediate vicinity of sewer outfalls no deposits shall occur, 
and the oxygen content shall not fall below 3 c.c.’s per liter, cannot be satisfied by 
tank treatment alone, especially not in 1940. 


QUESTION NUMBER Two 


How and where may Emscher Tanks be installed? 

Emscher tanks may be installed either within New York City itself or, if a trunk 
sewer system is built, outside of the city. The idea of treating the sewage within the 
city itself is already being considered by the Bureau of Sewers of the Borough of 
Manhattan, and this Bureau is now, so far as I know, experimenting in one of the tall 
office buildings of Manhattan with Emscher tank treatment in the cellar of the build- 
ing itself. 

Instead of placing Emscher tanks at the very sources of pollution, however, it is 
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also possible, and in many respects simpler, to place them at the mouths of the sewer 
outfalls. There are now, for example, 172 outfalls in the Borough of Manhattan. 
These would, of course be grouped by local interceptors in such a manner as to pro- 
duce a minimum total cost of tank treatment. 

The following figures will give a conception of the total size of plant required. 
They are computed on the basis of the probable population in 1917: 


Population of New York City in 1917 (p. 136, 1910 Report).... 5,400,000 
Population Metropolitan District in N. Y. State, but outside 

N. Y. City, estimated from p. 143, 1910 Report........... 200,000 
Zotal tor Met. Dist. N. Y. Staten 1917. ....... 00. cn0e cs oess- 5,600,000 


Sewage Produced in 1917 by Metropolitan Dist. of N. Y. State 
in gals. per day, computed on a basis of 125 gals. per head 
PCT TOLL URN) Lack Ged 8 eons hts Caden mem eth ay tee 700,000,000 gal. per day. 


Settling Basin Capacity Required for New York City with a sug- 
gested settling period of one hour: Assuming +; of the daily 
flow as running off in one hour, we have a necessary settling 
basin capacity of 700,000,000 +18 =38,900,000 U. S. Gals., 


or in cubic feet 38,900,000 +7.48=...... 0... cece ee ee eens 5,200,000 cubic feet. 
Sludge Room Capacity Required, estimated at 0.75 cubic feet per 
BE etd OI AN i OE gins sa es wie trie bud wa dade 4,200,000 cubic feet. 


From an engineering standpoint it is without doubt possible to construct Em- 
scher tanks at the mouths of the sewer outfalls. The tanks would either be built under 
the streets or under any open area, and covered so that. traffic would not be interfered 
with, just as in the case of the subways. From these tanks sludge pipes would lead 
to such places as would make the collection of sludge by sludge steamers most easy 
and economical. These sludge steamers would collect the sludge from the various 
plants at proper intervals and transport it either to sea or to any convenient place 
outside of the city, where the sludge could be dried and used either for land filling 
purposes or disposed of to farmers. The amount of sludge that will have to be trans- 
ported in this manner, estimated at 0.17 liters per head per day, would be 


0.17 5,600,000 = 950,000 liters per day. 
or 950,000+ 28.32 = 33,600 cubic feet per day. 
or 33,600+ 27 = 1,330 cubic yards per day. 


- I am not able to give the technical detals of such tanks because I am not sufficiently 
well acquainted with conditions in the Metropolitan District. The Commission has 
made a design for such a unit plant. My impression is, from such examination as I 
was able to make of this design, that it is constructionally feasible. I am also con- 
vinced that such a plant would not give rise to nuisance, for but little odor would be 
produced and the gases could be taken care of by proper ventilation. Further, the 
pumping of sludge into steamers would not be accompanied by nuisance. 

The whole question as to whether it is possible to build such tanks in the city 
itself depends only upon the possibility of acquiring suitable locations and upon the 
matter of costs. I am not able, because of my non-acquaintance with local conditions, 
to estimate how much such plants would cost in New York City. Instead I have given 
above capacity figures from which local engineers will be able to estimate the costs. 
The total inside volume of the tanks will be about- 10,000,000 cubic feet. 

Emscher tanks may, of course, also be used if New York City decides to build a 
large trunk sewer system and transport the sewage outside of the city. The Com- 
mission has already considered the question of using Emscher tanks in such a case 
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and the following estimate of costs is extracted from Appendix “D” of Preliminary 


Report No. 1: 

Land. ee fe oe he Sn Sa ed ree ieee aie aie ke ee noe te ee $4,700,000 

Sewers to Barren Island. «00:5 <)4 3.02) im eh eid Ce ae pee ee ete aes 51,000, 

Pumping Stationa:.. «2... hs = aes eee cree eR gost ey iaalan sa 12,140,000 

Treatment Works (Emscher Tanks and Percolating Filters)............... 49,900,000 

Outfall Work3).«s..c5.5 4 dc.c ibis os eiendcniake ohne ae oe arenas orstiolele ae ces are 5,000,000 
$122,740,000 

Engineering and;Centingencies, 16% i «5 «Sih. cw sales stain cigs ose eo taeies 18,400, 
$141,150,000 


It is not necessary to consider further the details of construction in this case, as 
these have already been worked out under similar conditions in other American cities. 


QUESTION NUMBER THREE 


“Tf Emscher tanks are not sufficient, with what other process should they be 
combined ?” 

In case Emscher tanks are not sufficient they may be combined with percolating 
filters, as indicated in the above table, providing the scheme of carrying the sewage 
outside of the city is adopted. If, however, the city decides to treat its sewage within 
the city limits it will not be possible to use percolating filters because of the large area 
required and because of the nuisance through odors and flies. Therefore, if the sew- 
age is treated within the city it is necessary to seek some other method. 

I have made clear in my answer to the first question that tanks can at best take 
out only a portion of the sludge producing elements of the sewage. The effect of 
tank treatment may be augmented, however, by the addition of chemicals. In the past 
ten years chemical methods of sewage treatment have come much into disfavor. This 
has been, however, principally due to difficulties with the resulting large volumes of 
sludge. Recently in the Emscher district of Germany it has been found that not 
only do Emscher tanks reduce the volume of ordinary sludge, but that they also 
reduce the volume of sludge resulting from chemical treatment, leaving it practically 
odorless and easily drainable. It seems to me, from these experiences, that attention 
might profitably again be focused upon chemical methods. 

The application of chemicals to the sewage of New York City, in case it is desired 
to treat the sewage within the city limits, will be very easy. It will simply be neces- 
sary to add the chemical or chemicals to the tank influent. The effect of the chem- 
icals will take place during the passage of the sewage through the tanks. This effect 
will consist of the removal of that part of the suspended matters not removed by 
plain sedimentation, and also of practically all of the colloidal matters. As a result 
of this higher degree of solids removal the sludge remaining in the tanks will, of 
course, be greater in volume. Therefore, if chemicals are added to the sewage, the 
tanks will have to be constructed larger than the preceding figures for simple sedi- 
mentation. In order to give a conception of the total size of the plants in this case 
the following figures are given: 

Cubic feet. 
Settling Basin Capacity, as before... ces i. oven ost ee Te ie 5,200,000 
Sludge Room Capacity 1.25 cubic feet per head per day = 1.25 X5,600,000= 7,000,000 
Sludge Produced, 0.23 liters per head per day. 
0.23 X5,600,000 = 1,290,000 liters, day. 
or 1,290,000+28.32= 45,600 cubic feet, day. 
or 45,600+27 = 1,690 cubic yards, day. 
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These figures are, of course, based upon assumptions, and might be modified by 
local conditions to a large extent. A large factor will be the kind of chemical used. 
In the Emscher district much success has followed the use of wastes from the iron 
industries. I am not able to say what would be the best chemical for New York to 
use, and experiments will have to be made to determine this, taking into account the 
relative quantities of sludge produced and the costs involved. 

The apparatus necessary for the addition of chemicals will be so simple and take 
up so little room that it may easily be installed with the tank under the street. Ap- 
paratus for the introduction into the sewage of compressed air, which has been found 
of advantage in some cases of chemical treatment here, may also easily be installed. 

If such chemical treatment is combined with the plain tankage there is no doubt 
that there will be a decided improvement in the effluent. So much so that of the 
standards not satisfied by simple sedimentation, Standard No. 2, referring to sludge 
deposits, will practically then be satisfied, mainly because if chemical treatment is 
used any sedimentation that may take place in the harbor, as a result of the intro- 
duction of sewage, will be mainly due to secondary precipitation from the chemicals 
themselves. Such resulting sludge will, however, be unobjectionable. 

It is doubtful whether Standard No. 4, referring to the oxygen content, would be 
satisfied by chemical methods. This is for the same reasons given in my answer to 
Question No. 2. With chemical precipitation the amount of liquid sewage introduced 
into the harbor, which is the factor mainly affecting the average oxygen content, is 
practically not lessened. I am convinced that there is no known method of sewage 
treatment which may be applied within the limits of New York City without produc- 
ing a nuisance, which will satisfy Standard No. 4. | 

If it is decided to adopt the scheme of carrying the sewage in bulk away from the 
city to some point on the sea-coast and there purify it to a high degree, such as is in- 
tended in the design previously mentioned (Emscher Tanks and Percolating Filters), 
chemical treatment such as above outlined should earnestly be considered as an al- 
ternative. In this case the plant would be arranged about as follows: 


Emscher Tanks. 

Addition of Chemicals (including Hypochlorite of Lime, if necessary). 

Aeration. 

Rapid Filtration. 

Such a plant would be much cheaper in construction than tanks with trickling 
filters and demand much less area. Besides, such a plant permits, as necessary, any 
desired degree of purification. For instance, in those months in which it is not neces- 
sary the final treatment may be omitted, and at such times as it is necessary (as in 
those months when bathing is practiced) a high degree of purification may be ob- 
tained. This is a decided advantage over trickling filters, because when these are 
used the degree of purification attained is not dependent upon the will of the oper- 
ator, but upon the weather conditions and other non-controllable factors. 


KARL IMHOFF. 
Essen, Dec. 28, 1912. 
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SECTION IV 


DISCHARGE OF SEWAGE INTO THE HARBORS OF BOSTON AND NEW 
YORK AND A REPORT BY X. H. GOODNOUGH ON THE CONDITIONS 
WHICH LED TO THE CONSTRUCTION OF THE MAIN DRAIN- 

AGE SYSTEMS OF BOSTON AND VICINITY 


For 30 years Boston harbor has been protected from sewage pollution by main 
drainage works and for nearly half this period many of the cities and towns in its 
vicinity have been united in a thoroughly coédrdinated and comprehensive scheme for 
the sanitary disposal of their sewage. 

In 1912 the sewage of about 300,000 persons, in addition to the sewage of Boston, 
was discharged through three outlets located near enough to the open waters of the 


sea to insure a disposal of the wastes by tidal action and digestion. 


SIMILARITY BETWEEN FORMER CONDITIONS IN BOSTON AND PRESENT CONDITIONS IN 


NEw YORK 


In many respects the history of Boston and its neighboring municipalities is 
eapable of furnishing an instructive object lesson to New York City and up to a cer- 
tain point the experience of the two cities is remarkably alike. The conditions which 
led to the construction of the Boston main drainage works were, to a considerable 
extent, similar to those which exist at the present time in New York. The sewage, 
discharged locally through numerous outlets into the restricted waters of the inner 
harbor, caused sludge deposits and other objectionable consequences and the gross pol- 
lution of certain natural tributaries of the harbor was so great as to give rise to 
offensive odors in the summer season. It was impossible to trace individual cases 
of disease to the polluted water, but prominent physicians declared that no fact was 
better established by general experience than that foul air was unfavorable to health 
and gave it as their opinion that changes in the sewerage system of an extended char- 
acter, costing large sums of money, could alone accomplish practical good. 

In New York the sewage problem has been the subject of official investigation 
for eleven years. The Boston works were also built after a long period of investigation. 
In 1870 the consulting physicians addressed to the city authorities a remonstrance to 
the existing conditions, and the Boston Board of Health, established in 1872, constantly 
urged improvements in their reports. In 1875 a commission of experts was ap- 
pointed to study the causes of the objectionable conditions and in its report recom- 


mended the construction of a system of intercepting sewers to intercept the flow of 
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the numerous sewers discharging into waters around the city and carry it to a single 
outlet at an island in the outer harbor. The main features of this plan were ulti- 
mately adopted in the construction of the Boston main drainage system and this was 
the beginning of the entire metropolitan works which now exist. 

It is worthy of note that like New York various protective measures were first 
adopted, such as extending the sewers further from shore, and that while these im- 
provements relieved the objectionable conditions for a time, the nuisances soon re- 
curred. It was not until comprehensive works were carried out that substantial 


and lasting improvement was obtained. 


The objectionable conditions which led Boston to build its main drainage works 
were not confined to that city. In the densely populated cities of Cambridge, Somer- 
ville, Chelsea, East Boston, etc., the conditions were much the same and the com- 
mission of 1875 considered the whole territory as the proper field for its investiga- 
tions. In respect to its scope, the Metropolitan Sewerage Commission of New York 
has also considered conditions outside of New York and in its report of April, 1910, 


reported equally upon the need of sewage disposal in New Jersey and New York. 


ESSENTIAL FEATURES OF THE BOSTON AND METROPOLITAN WORKS 


The City of Boston proceeded to improve its own sewerage conditions in accord- 
ance with an act of the Legislature passed in 1876. It took eight years to so far 
complete the works as to permit sewage to be discharged from the Moon Island Works.* 

Following the Boston City Main Drainage, the North Metropolitan Main Drain- 
age works were put into service in 1895 and the South Metropolitan works in 1904. 
Twenty-four cities and towns now discharge their sewage through these three outlets. 

The best method of disposing of the sewage of the North Metropolitan District 
was made the subject of investigations. Among the systems considered was collection 
to a central point for treatment by chemical precipitation and discharge into the inner 
harbor, filtration through sand on an extensive area of marsh land and the separation, 
collection and treatment of the sewage of each community and discharge into the local 
water courses. The subject was finally referred to the State Board of Health which in 
due course recommended the discharge of the sewage continuously into the sea at Deer 
Island light at the entrance of Boston harbor. The disposal of the South Metropolitan 
sewage was investigated in 1899 and 1900 and it was decided to discharge it at Ped- 
dock’s Island, which lies in a portion of the harbor which is unaffected by the sewage 


from the other main outlets and where strong tidal currents are available. 


*See cut, Boston Main Drainage, Part IV, Chap. I, page 438. 
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The total quantity of sewage discharged into Boston harbor through the three 
main drainage outlets is about 200,000,000 gallons per day. At Moon Island, where 
_nearly half the total volume is disposed of, the discharge occurs at the surface of the 
water during about two hours of the outgoing tide, being held in storage basins for 
the remainder of the time. At Deer Island and Peddocks Island, each of which re- 
ceives roughly one-quarter of the total, the sewage is discharged continuously after 
coarse screening, in one case beneath about 7 feet and in the other beneath about 30 
feet of water at low tide. Before discharge the Moon Island sewage passes through 
deposit sewers, which act as grit chambers and remove some sand, is stored for some 
hours in the outlet tanks and, in consequence of its age, is somewhat advanced in 
decomposition; the Deer Island and Peddocks Island sewage is fresher. 

The sewage discharged from Moon Island spreads over a wide area, but careful 
analyses of the water in the vicinity show little trace of it within a few hours after 
the discharge ceases. Near Deer Island and Peddocks Island little evidence of the 
sewage can be detected except in the direct line of the sewage flow. No harmful 
deposits are formed. Odors are often noticeable for a considerable distance from the 


Moon Island tanks and only in the immediate vicinity of the other outlets. 


PRESENT SANITARY CONDITION OF BOSTON HARBOR 


The condition of Boston harbor as respects pollution has repeatedly been in- 
vestigated by the Massachusetts State Board of Health and many instructive reports 
have been made upon this subject. In no other place have equal facilities existed 
for the study of the behavior of sewage when discharged into sea water, and by none 
have sewage disposal problems received more thorough and authoritative investiga- 
tion than by the Massachusetts State Board of Health. The report here published 
by Mr. Goodnough, Chief Engineer of the Board, is a valuable digest of the essen- 
tial facts relating to this important question and was prepared at the Commission’s 
request in order that the experience gained by Boston and the score of cities and 
towns in its vicinity might be turned to useful account by New York. 

All the members of the Metropolitan Sewerage Commission have visited the Bos- 
ton outfalls and are familiar with the condition of the harbor with respect to 
absence of visible pollution. | 

In the summer of 1911 the Commission’s floating laboratory was sent to make a 
study of the dissolved oxygen in the water. The data collected on this expedition have 
been published in the Commission’s Report of August, 1912, pages 372-392. The 
analyses show that the harbor waters contained very much higher percentages of 


dissolved oxygen than are found in New York harbor except in certain localities, 
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notably the mouths of the Charles, Mystic and Chelsea rivers, where some sewage 


outfalls have not yet been connected with the main drainage systems. 


Except in the locations mentioned the water of the inner harbor generally con- 
tained nearly its saturation value of oxygen and the water of the outer harbor was 
almost saturated with oxygen except in the immediate vicinity of the three sewer out- 
falls. Surface samples collected 50, 100 and 500 feet southeast of the Deer Island 
light, which is very near the point of discharge, contained 92-93 per cent. of oxygen, 
but samples from greater depths contained 99-100 per cent. The poorest sample col- 
lected at the surface within 10 feet of the outlet contained 53 per cent., but a sample 
from a point 7 feet below was 88 per cent. saturated. These were the poorest of 35 


samples taken close to this outlet. 


Of 109 samples taken near Peddocks Island outlet, the lowest in oxygen contained 
83 per cent. and most held 95 per cent. or more. Many samples taken immediately 
over the outlet contained about 90 per cent. of dissolved oxygen. These samples 
contained so much salt water that it was evident the sewage was well diffused before 


reaching the surface. 


Ninety-one samples were taken at and near the Moon Island outlet. Some 
samples collected from the surface 500 and 1000 feet from the point of outfall con- 
tained 68 per cent., others at a mile distant held 75 per cent. and many others con- 
tained somewhat more. There was always less oxygen at the surface where the sew- 
age was densest than at points below. Such pollution as was produced in the outer 


harbor was confined to the surface, so far as the oxygen analyses could determine. 


Two facts brought out in the Commission’s Boston harbor investigation deserve 
to be mentioned for their bearing on the disposal of sewage through dilution in 
Boston and New York. First, the water in Boston harbor was much more salt than 
is New York harbor water. Whereas Upper New York bay and the Lower East river 
ordinarily contain equal parts of sea water and land water, only about 6-8 per cent. 
of the water in Boston harbor is derived from the land. Second, the temperature of 
the water at Boston was 15.5-19 degrees C., and in the Lower East river 22-23 
degrees C. At Boston the temperature and salinity were practically that of the sea 


water. 
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To THE PRESIDENT AND MEMBERS OF THE METROPOLITAN SEWERAGE COMMISSION OF 
NEw YORK: 


GENTLEMEN: The sewers of the city of Boston were constructed originally with 
the object of draining cellars and lands. The contents of privy vaults, and even 
liquid from them, were excluded, but they received the wastes from kitchen sinks and 
rain water from roofs and yards. They were built by a private enterprise, but when 
the city obtained a charter in 1823 one of the first acts of the city government was 
to assume the control of all existing sewers and to build and care for the new ones. 


A general water supply was introduced in 1848, but for many years no water- 
closets were connected with the sewers and fecal matters were rigidly excluded from 
them. As late as 1857 there were only 6,500 waterclosets in use in the city, but after 
that date they multiplied rapidly and the number reached 100,000 or more in 1885. 


The agitation for a better system of sewage disposal appears to have been begun 
in 1870. Early in that year the consulting physicians of the city of Boston addressed 
to the city authorities a remonstrance to the then existing sanitary conditions of 
the city, in which they declared the urgent necessity of a better system of sewerage, 
stating that it would be a work of time, of great cost, etc. The board of health of 
the city, established in 1872, beginning with its earliest reports, constantly urged an 
improvement in the system of sewerage. In their report of 1874 to the City Council 
the objectionable conditions resulting from a faulty system of sewerage and sewage 
disposal, are described at length, and from that report the following extract is taken: 


Although in our annual report of 1873, and again in 1874, we called the 
attention of your honorable body to the great importance of a change in our sys- 
tem of sewerage, we deem it of such vital importance to the health and comfort 
of the city at large, but more especially to certain portions of it, that we venture 
again to urge the subject in a special communication. 


There are several places in which the evil is already so great that we men- 
tion them in particular. 


First—The old Roxbury canal, crossing under Albany street, near Chester 
Park. 
Second—The Stony brook sewer, discharging upon the Back bay flats. 


Third—The Muddy brook sewer, between Brookline avenue and Downer 
street, in Ward 15. 

Roxbury canal, so called, leads in from the South bay, is about fifty feet 
wide and two thousand feet long, reaching nearly to Harrison avenue. The tide 
flows in and out but sluggishly. Into this three or four large sewers pour their 
contents, and when the tide recedes there is left but very shoal filthy water, 
through which the foul gases from the putrid bottom can be seen bubbling into 
the atmosphere. At low tide a considerable portion of this filthy bottom is left 
bare, giving off the most sickening and even dangerous effluvia into a thickly 
populated neighborhood. In Northampton street, Chester Park, Springfield street, 
Harrison avenue, Albany street, and especially at the City Hospital, where there 
is a daily average of 230 patients who require pure air, the stench from the Rox- 
bury canal is often observed and exceedingly annoying. 
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The Stony brook sewer, which conveys the sewage of more than half of the 
former city of Roxbury, of now about thirty thousand inhabitants, terminates at 
the west side of Parker street, where, at low tide, this immense sewage is left to 
trickle over the muddy flats, about one hundred acres in extent, to the Charles 
river beyond. Before this sewage has reached a point where it can diverge from 
the wharves of the city, it will have traveled more than one-half of the circumfer- 
ence of the city proper, catching at the bridges, wharves and upon the flats in its 
course. 


An order has recently been passed by the City Council to extend the channel 
of the Stony brook, so as to prevent the discharge of the sewerage upon the fiats 
next Parker street. 


In addition to the Stony brook sewer, there are eight others opening into 
Charles river above Cambridge bridge, which, with their open mouths at low tide 
discharging their gases into the atmosphere, and their contents into shoal water 
or upon flats, are doing a great share in making the atmosphere of that part of the 
city skirting the river and Back bay, at times, absolutely unfit to breathe. 

The Muddy brook sewer coming from Brookline is very large, opens under 
Brookline avenue, near Tremont street, and is then an open sewer in the imme- 
diate rear of dwelling-houses between Brookline avenue and Downer street for a 
distance of 600 feet, and then crosses the avenue again into the town of Brookline. 
The water in this brook gets very low in summer, leaving but little besides the 
sewage matter to flow through it. The stench from this is very bad, and the 
people who live near it justly complain. This sewer ought to be covered at once, 
for a distance of about 600 feet, to prevent evil results which must inevitably 
come from its present condition. 


The places mentioned, although the worst, are not all to which we invite at- 
tention. The city proper, being nearly surrounded by tide water and flats, is to 
the same extent literally fringed with the open mouths of sewers, discharging 
their gases into the atmosphere, and their other contents upon the shoals, which 
are left bare next the sea-wall and under the wharves by the receding tide. 
The result is, that at low tide, and especially in summer, about the wharves 
and skirts of the city, where thousands of the laboring class must work during 
the day, and many more will resort for a cool breeze in the evening, the air, in- 
stead of being pure and cool from the water, as it should be, is polluted and 
made dangerous by the foul breath of the sewers. 

That our prevalent summer diseases are largely influenced by this poisoned 
atmosphere there can be no sort of doubt. 

From the reports of the board of health, the writings of various physicians and 
the reports of committees of the city council, and especially of a commission of ex- 
perts appointed in 1875 to study the whole question of the causes of the objectionable 
conditions, it is possible to determine quite definitely the causes which made neces- 
sary the construction of an improved system of sewerage. 

In addition to the objectionable conditions caused by the sewer outlets and the 
method of disposal of the sewage, the sewers themselves were also objectionable, on 
account of their design, their location and lack of ventilation, and also on account 
of the faulty method of trapping and ventilating the house drains; but, except as 
these conditions were aggravated by the method of disposal and the circumstances 
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affecting the sewer outlets, the objectionable conditions resulting from them are 
separable from those due to the method of disposal of .the sewage and need not be 
considered here. 

The commission of 1875, after a careful investigation of the whole subject, 
recommended the construction of a system of intercepting sewers, to intercept the flow 
of the numerous sewers discharging into waters around the city and convey it to a 
single outlet into the harbor, and the main features of this plan were ultimately 
adopted in the construction of the Boston main drainage system. 

The board of health in its report for the year ending April 30, 1878, describes the 
nuisances caused by sewage and presents a map showing the location of the principal 
sewer outlets and the areas of flats on which the sewage had accumulated. From 
these outlets and areas it appears that foul-smelling gases and odors were diffused 
for long distances in hot weather under certain conditions of the atmosphere. At 
times a well-defined sewage odor would extend over the whole south and west ends 
of the city. 

Complaints of bad odors. have been made more frequently during the past 
year than ever before. i, 

They have come from nearly all parts of the city, but especially and seriously 
from the South and West Ends. 

Large territories have been at once, and frequently, enveloped in an atmos- 
phere of stench so strong as to arouse the sleeping, terrify the weak and nauseate 
and exasperate nearly everybody. 

It has been noticed more in the evening and by night than during the day, 
although there is no time in the whole day when it may not come. 

It visits the rich and the poor alike. It fills the sick-chamber and the office. 
Distance seems to lend but little protection. It travels in a belt half-way across 
the city, and at that distance seems to have lost none of its potency, and, al- 
though its source is miles away, you feel sure it is directly at your feet. * * * 

The sewers and sewage-flats in and about the city furnish nine-tenths of all 
the stenches complained of. 

They are much worse each succeeding year, and, although so loathsome this 
season, we can but predict that, for several reasons, they will be much worse 
next year than this. 

The accumulation of sewage upon the flats and about the city has been and 
is rapidly increasing until there is not probably a foot of mud in the river, in the 
basins, in the docks, or elsewhere, in close proximity to the city, that is not fouled 
with sewage. 

The board closes its report by urgently recommending the construction of a sys- 
tem of sewerage to relieve the nuisances then existing about the city, but as no system 
was then under way various palliative measures were adopted by extending the sew- 
ers, filling some of the objectionable channels and covering some of the more offensive 
flats. While these improvements relieved the objectionable conditions for a time, sub- 
sequent reports show that the nuisances soon recurred. 

In the report for 1882-3 appears the following statement: 

It must be apparent, however, to those who have observed at all, as well as 
to those who are suffering from it, that the further deposit of sewage in Charles 
river, in the Back Bay, in the South Bay, on the shores of South Boston, in the 
docks or elsewhere, the stench from which at low tide is almost unbearable, is, to 
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Say the least, to be deplored. Even at a considerable distance from these places 
the stench is already so great as at times to awaken persons from sleep, and we 
cannot doubt that it is directly the cause of considerable sickness. 


In addition to the urgent recommendations of the board of health the physicians 
of the city in numerous hearings urged an improvement in the system of sewage dis- 
posal. A few brief quotations from the statements of a few of the prominent physi- 
cians will indicate their opinion as to the conditions existing at the time: 


In the presence of an hourly poison such as the air undergoes the death rate 
cannot fail to be raised and medical measures for the preservation of the public 
health will have but little effect. 


My views are that it (7. e., a change in our system of sewerage) is of such 
necessity and should be of such an extended character that the expenditure of 
an immense amount of money, say several millions of dollars, can alone accom- 
plish any practical good. 


It is impossible to cite individual cases of disease which are distinctly owing 
to bad drainage. I do not know that I ever saw such, but there is no fact better 
established by general experience than that foul air is unfavorable to health. 
That the whole atmosphere of the city has through imperfect drainage become 
at times too foul for endurance is too patent a fact for any one to dispute and 
should take precedence in the public attention before any other object of public 
interest. 


The original city of Boston was built ona series of hills and had an area of 
about 700 acres, or a little over a square mile. The grades were steep, and while 
the older drains were poorly built, they had good grades and, as they received but 
little sewage, appear to have caused but little trouble. With the growth of the city 
large areas of land all about it were reclaimed from the sea by filling the flats about 
the shores, but the reclaimed land was filled to elevations but little above high water, 
and the streets traversing the filled areas were often not over 7 feet above that ele- 
vation. A large proportion of the house basements and cellars in these filled lands 
were below high water and many of them but from 5 to 7 feet above low-water mark. 
The house drains in many cases were laid under the cellar floors and with the neces- 
sary fall in the drains and sewers the outlets of the sewers were rarely much if any 
above low water. 


As the lands were filled the sewers were extended to new outlets across the filled 
portions with comparatively slight fall. The average rise and fall of the tide at Boston 
is 10 feet, and in consequence of the conditions above outlined, the contents of the 
sewers were dammed back by the tide during the greater part of each twelve hours. 
To prevent the salt water flowing into them, many of them were provided with tide 
gates, which closed as the sea rose above the level of the sewage and excluded the 
tide water. These tide gates also shut in the sewage, and, there being no current, the 
solid matters were deposited. To afford storage for the accumulated sewage, many of 
the sewers were built very much larger than would otherwise have been necessary 
and rectangular shapes were used instead of the curved inverts now almost always 
employed. As the tide receded, the tide gates opened under ordinary conditions a 
short time before low water and the sewage escaped, but it almost immediately met 
the incoming tide and was brought back to form deposits upon the flats and shores 
about the city. 
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Of the large amount of sewage which flowed into Stony brook, into the Back 
Bay, and into South Bay between Boston and South Boston, it is asserted that hardly 
any was carried away immediately from the vicinity of the dense populations in those 
sections. 

The objectionable conditions complained of about the city of Boston were not 
confined to that city. In the densely populated cities of Cambridge, Somerville, Chel- 
sea, East Boston, etc., on the north side of the Charles river, the conditions were 
much the same as about the city of Boston on the south side of the river, and the 
Commission of 1875 considered both the sewerage of the city of Boston and of the 
Metropolitan areas north of the city. The city of Boston, however, did not await the 
action of those cities but proceeded with the construction of its own system under an 
act passed in 1876, entitled “An Act to empower the city of Boston to lay and main- 
tain a main sewer, discharging at Moon Island in Boston Harbor, and for other pur- 
poses.” The works were so far completed that the discharge of the sewage of the city 
at Moon Island was begun January 1, 1884. 


SUMMARY 


The foregoing review of the conditions existing before the construction of the 
Boston main drainage system was begun shows that the principal causes which made 
necessary the construction of a general system of sewage disposal were the following: 

1. The great nuisances caused by the deposits of sewage upon the flats along 
Stony brook, Charles river, the Roxbury canal and the South bay. 

2. The nuisances caused by the sewers discharging into the docks and about the | 
wharves where the tidal currents of the harbor were not effective for the dilution and 
removal of the sewage. 

3. The gross pollution of certain local waters, such as Stony brook and the Rox- 
bury canal, portions of the South bay, where the quantity of sewage was so great in 
proportion to the quantity of water that the entire quantity of water was polluted to 
such an extent as to become offensive in the summer season. 

4. The low level of large areas of filled lands about the city, on which houses 
had been constructed at so slight an elevation above high tide that much difficulty 
was experienced from the flooding of cellars and from inefficient operation of the 
Sewers at times of storms and of extraordinary high tides. These objectionable con- 
ditions were especially noticeable in the large areas adjoining what was formerly the 
neck of the peninsula leading from Boston to Roxbury, especially the region border- 
ing the westerly side of South bay, in what is now known as the South End of the 
city of Boston. 


THE BosTtoN MAIN DRAINAGE SYSTEM, THE PURPOSE FOR WHICH IT WAS DESIGNED 
AND THE RESULTS ACHIEVED 


The sewers of the city of Boston were all constructed upon the combined plan; 
that is, they received both the domestic and manufacturing sewage of the city and 
the water draining from streets, roofs and yards at times of rain. The removal of 
all the flow in the sewers when increased by rain water or melting snow would have 
required works of such enormous size as to have been impracticable. It was also im- 
practicable to separate the sewage from the storm water within a reasonable time ex- 
cept at a great and excessive cost. 
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The plan finally adopted was: To construct a system of intercepting sewers along 
the margins of the city, to receive the dry weather flow of the existing sewers; a main 
sewer into which the intercepting sewers discharge, and which, crossing the southerly 
part of the city, leads to a pumping station, from which the sewage is pumped to a 
reservoir on Moon Island in the southerly part of the harbor, whence it is discharged 
into the sea during the first two hours of the outgoing tide. At the times the works 
were designed the sewage of the city was discharged through seventy or more different 
outlets about the shores of the harbor and rivers. These sewers were connected with 
the intercepting sewers by means of connections of sufficient size to carry somewhat 
more than the ordinary flow of sewage when not increased by rain water or melting 
snow. The old sewer outlets were retained, however, and whenever the flow of the 
sewers is increased by rain or melting snow beyond the capacity of the intercepting 
sewers to remove it, the excess overflows through these outlets. 


It was estimated that a large portion of the southerly part of the city could event- 
ually be drained by a gravity sewer alone to some suitable point of outlet in the harbor 
without the necessity of pumping, but about 12 square miles of the city were too low 
to be served by such a sewer and the system was made of sufficient size to care for 
about 15 square miles, so as to allow for its use until the high-level sewer was built. 
Provision was also made for admitting a rainfall amounting to about one-fourth of 
an inch an hour over the whole district, and the quantity that would be carried was 
of course larger in the earlier years of the works and gradually grew less as the 
capacity of the system was reached. It has now been relieved by the construction of 
the high-level sewer, so that the quantity of rainfall removed by the system is prob- 
ably fully as large as the amount originally proposed. 


The system was, however, designed to favor the removal of storm water from 
certain low-lying districts in the southern part of the city, where drainage was poor, 
as has already been mentioned, and at times of heavy rain the entire drainage—both 
storm water and sewage—from three or four of these very low districts is cared for 
by the main drainage system. The favoring of these districts tends to throw a 
greater proportion of sewage through the overflow outlets of other districts into the 
waters about the harbor at times of rain than would otherwise be the case, but thus 
far, except in a very few instances, seriously objectionable conditions have not re- 
sulted therefrom. 


The Boston main drainage system was completed in 1884 and first operated on 
January 1 of that year. Connections had already been prepared and by February, 
1884, nearly all of the city sewage was diverted from the old outlets to the new out- 
let at Moon Island. 


As elsewhere stated, the main drainage works were designed and built to correct 
certain evils inherent in the former system of sewerage and especially of sewage dis- 
posal. These were: First, the damming up of the common sewers by the tide, by which 
for much of the time they were converted into stagnant cesspools and the air in them 
was compressed and to find outlets was driven into house drains and other openings; 
second, the discharge of sewage on the shores of the city in the immediate vicinity of 
population, thereby causing nuisances at many points. These nuisances were partly 
at the wharves and docks, partly from sewage covered flats exposed at low water and 
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partly from the gross pollution of certain local waters, such as Stony brook, Rox- 
bury canal, South bay, etc. Finally, the system was intended to relieve flooding in 
low portions of the city at times of storm. The results of its working, as regards the 
removal of the evils above referred to, are summarized as follows: 


The first of these evils has been entirely corrected by the new system. The 
old sewers now have a continual flow in them, independent of the stage of the 
tide, as has been ascertained by frequent observations, and also from the testi- 
mony of drain-layers, who formerly were only able to enter house-pipes into the 
sewers when the latter were empty at low tide, but now can make such connec- 
tions at any time. | 


The new system has also substantially remedied the second evil. From the 
moment that any of the city sewers was connected with an intercepting sewer, the 
sewage which had before discharged on the shore of the city was diverted, and has 
since been conveyed to Moon Island and emptied into the Outer Harbor at that 
point. 


It is true that about twenty-four times during the past year, or an average 
of twice a month, during rain storms and freshets, the amount of water flowing 
in the sewers has exceeded the capacity of the pumps. At such times the excess 
has been discharged at the old sewer outlets. But this occasional and temporary 
discharge of very dilute sewage does not seem to have occasioned any nuisance. 
Examinations and inquiries concerning the condition of the shores and docks at 
the sewer outlets have shown that water, once continually foul, has become pur 
bad odors have ceased, and fish have returned to places where none had been | 
seen for years. The stenches referred to by the City Board of Health, which 
formerly, at times, were prevalent over the city, were not noticed during the past 
year. j 


The attempt to relieve certain low districts, subject to flooding of cellars 
during rain-storms at high tide, by discriminating in favor of such districts in 
respect to the interception of stormwater, has met with marked success. No case 
of flooding in such districts has been reported since the sewers draining them 
have been connected with the intercepters; and many cellars, which used often 
to be filled several feet deep with water, are known to have been perfectly dry 
during the past year. 


Building the intercepting sewers has also dried cellars in other parts of the 
city in a way which was not at first anticipated. When land on the shores of the 
city was reclaimed for building purposes, most of the old walls and wharves were 
covered up by the new filling. Tide-water followed along any such structures 
through the ground, and entered cellars lower than high-tide level. The new 
Sewers were generally built along the present margins of the city, and in dig- 
ging deep trenches for them the old structures found were cut off and removed. 
The backfilled earth in the trenches forms an impervious dam surrounding the 
city, beyond which tide-water cannot pass. 


The system was, as a whole, admirably adapted, as its workings have shown, for 
the removal of the nuisances formerly complained of and for the relief from the other 
objectionable conditions so long a source of annoyance and injury throughout a large 
part of the city. 
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METROPOLITAN SEWERAGE SYSTEMS AND REASONS WHICH LED TO THEIR CONSTRUCTION 


The Boston main drainage system now drains a territory of about 15 square 
miles, which will be reduced to about 12 square miles in the future. As already stated, 
this system was put in operation on January 1, 1884. The North Metropolitan sewer- 
age system is also shown on the accompanying map* and is colored brown. This system 
was first operated in 1895. 

The reasons which led to its construction are much the same as those which lead 
to the construction of the Boston main drainage system. The sewage of many of the 
cities, towns and districts, including Cambridge, Somerville, Chelsea, Charlestown and 
East Boston was discharged at numerous outlets into the local waters and created 
serious nuisances. Many of the towns further inland had no sewerage systems and, 
though sewerage was badly needed, it was impracticable to provide outlets which would 
not be likely to create very objectionable conditions. There was, furthermore, a large 
number of manufacturing establishments in those districts of kinds which produced 
large quantities of very foul wastes, among which were numerous tanneries and large 
slaughter houses and meat-packing establishments. 

The investigations as to the best method of disposing of the sewage in this valley 
extended over several years. Various systems were considered, including the collec- 
tion of the sewage at some point near the lower end of the valley and its disposal, after 
chemical precipitation, by discharging it near the mouth of the Mystic River, and a 
plan for filtering it through sand on an extensive area of marsh land in the towns 
of Revere and Saugus. The question of treating the sewage of each community 
separately and discharging it subsequently into local waters was also carefully 
considered. 

The whole matter was finally referred to the State Board of Health in 1887 and 
all of the various methods of sewage disposal for this district again carefully con- 
sidered, and its report, submitted to the Legislature in 1889, recommended the dis- 
charge of the sewage continuously into the sea at Deer Island Light at the entrance to 
Boston harbor. 

In the lower part of the North Metropolitan district, where sewerage systems 
were already in existence at the time the Metropolitan system was constructed, the 
sewers had been built for the most part upon the combined plan and received both 
sewage and storm water. In making the connections between these sewers and the 
Metropolitan sewers the same rule was followed as in the case of the Boston main 
drainage system, 1. e., the dry weather flow, together with a certain proportion of the 
storm water at times of rain, was taken into the sewers and the excess flow at times of 
storm over the capacity of the Metropolitan sewers was allowed to discharge at the 
former sewer outlets. In the districts where no sewerage systems were in existence 
previous to the construction of the Metropolitan system the sewers were built upon the 
separate plan and storm water rigidly excluded, since it could be discharged into 
local waters without objection. 


SoutH METROPOLITAN SEWERAGE SYSTEM 


The South Metropolitan sewerage system was established in 1899 and comprises 
the higher parts of the city of Boston south of the area served by the Boston main 
drainage system, together with the thickly settled portions of the valleys of the Charles 


*Not reproduced. See cut, Part IV, Chap. II, page 438. 
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and Neponset rivers. Parts of this district had for many years been tributary to the 
Boston main drainage works, which was designed of sufficient size to serve these dis- 
tricts for several years after its completion. When, however, the Boston main drain- 
age system had become overtaxed by the extra areas that had been made tributary to 
it, the question of the disposal of the sewage of the higher districts of the Metropolitan 
areas tributary thereto was the subject of careful investigation in 1899 and 1900, and 
it was decided to select a separate outlet for the high level sewer in a portion of the 
harbor where strong currents were available, unaffected by sewage from the other main 
outlets. ; 

The high-level sewer was completed and first operated in 1904, and the sewage 
which it receives was formerly discharged at Moon Island. 


EFFECT OF THE DISCHARGE OF SEWAGE AT Moon ISLAND 


The quantity of sewage discharged at the various main sewer outlets in Boston 
harbor and the population connected with each is shown approximately in the fol- 
lowing table: 


Quantity of Sewage Discharged, 


Estimated Gallons per Day 
Population, 
1908 
1907 1912 
Boston main drainage system.) ..0... ce ceeds ane ok oe eee 400,000 91,000,000 | ..... 420. 
North) Metropolitantsystems se -e cae or eee oe eee 500,000 60,000,000 55,700,000 
South Metropolitan system.............. AAS An et acc OY IO 340,000 40,000,000 48,200,000 
Total oes cate Soe ita ot ies te ee aes ote eae 1,240,000 191,000,000 103,900,000 


The quantity of sewage discharged at Moon Island is now about three times as 
great as the quantity discharged in the first year after the completion of the works, 
when the amount was about 30,000,000 gallons per day on an average, though in dry 
weather the flow was less than that amount and in wet weather was sometimes more 
than twice the average quantity. The daily quantity of sewage discharged at Moon 
Island amounted to over 60,000,000 gallons in 1891 and rose to over 100,000,000 gal- 
lons shortly before the completion of the high-level sewer. 

The quantity of sewage discharged at the Deer Island outlet in 1899—five years 
after the completion of the works—amounted to about 48,000,000 gallons. The quan- 
tity discharged at the high-level sewer outlet in 1905—the first year after its comple- 
tion—amounted to 25,000,000 gallons per day and in 1906 to 33,000,000 gallons. 

The first observations of the results of the discharge of sewage at Moon Island 
were made by the engineer in charge of the main drainage works about 15 months 
after the operation of the system was begun. At that time the sewage was stored for 
about 10 hours and the discharge was begun about 1 hour after the beginning of the 
ebb tide. At this time the surface of the sea was as low as the bottom of the reser- 
voir and a good harbor current was setting outward past the outlet. A description of 
those observations is as follows: 

The first sewage which discharges at the outlet contains a considerable 
amount of sludge which has settled in the gallery and discharge sewers, and gives 
to the effluent.a dark, muddy appearance. After a few minutes the color is some- 
what lost, and the effluent looks like moderately dirty water. 


REPORT OF X. H. GOODNOUGH 333 


Its effect in discoloring the salt water, and its course as it joins the current 
out of the harbor, can be plainly noticed. Being fresh water it rises to the sur- 
face, and when a half-mile from the outlet seems to lie on top of the salt water 
in a stratum but a few inches thick. The greasy nature of the sewage tends to 
quiet the ripples commonly seen on the surface of the harbor, so that the area 
affected by the discharge is plainly determined. From experiments with floats it 
is known that the sewage travels nearly five miles, following the Western Way 
and Black-Rock Channel out to the vicinity of the Brewster Islands. By the time 
it has traveled a mile from the outlet most of the color is lost, and by the time it 
has gone two miles (before passing Rainsford Island) not the slightest trace of it 
can be distinguished. | 


The only objectionable condition found on the shores about the outlet appears to 
have been in a small cove or angle between the pier containing the discharge sewers 
and the shore of the island, where sludge from the sewage deposited and gave off an ob- 
jectional odor at times of low tide. 

The storage reservoirs were enlarged in 1889-1900, however, and a sea wall was 
built across the end of the island, running from northeast to southwest, and the out- 
let is now located at the northeasterly end of the wall. There is a small area exposed 
at low tide along the foot of this wall, on which sludge accumulates in the summer 
season, which will be referred to later. 

The conditions about the Moon Island outlet were studied soon afterward (1888) 
by the State Board of Health, in connection with the proposed new sewer outlet for 
the North Metropolitan district, and a test was made of the discharge of sewage con- 
tinuously at Moon Island at a rate of about 36,000,000 gallons per day, with a view to 
determining what effect the discharge would be likely to have at Deer Island. The 
results of these observations are summarized in the report of the Board as follows: - 


At the Moon Island outlet of the Boston Main Drainage System the sewage 
collected in eleven hours is generally discharged in a body in about half an hour, 
and no sewage is to be found in the tidal current into which it enters two hours 
after it leaves the sewer. That we might make observations and reach just con- 
clusions in regard to a stream of sewage discharging continuously, the officers in 
charge of the Boston Main Drainage Works kindly coéperated with the Board by: 
discharging continuously, on a falling tide, for four hours, about 1,500,000 gal- 
lons per hour, the equivalent of 36,000,000 gallons per day, which is the amount 
estimated to be discharged at Deer Island outlet when the population is between 
300,000 and 400,000. 

When sailing in the stream of sewage, or on the leeward side of it, from near 
the outlet of the sewer and for a distance of half a mile along the stream, the 
odor of the sewage was disagreeable. Continuing in the stream of sewage beyond 
this distance, the odor was noticeable for a time, but before reaching the distance 
of three-quarters of a mile from the outlet of the sewer the odor could not be dis- 
tinguished. At this distance, however, the color of the water was distinctly dif- 
ferent from the blue of sea water—it was more opaque and browner. But there 
was nothing, at this distance, with wind blowing up stream toward the outlet of 
sewer, either in appearance or odor, that was in the least objectionable. The ap- 
pearance of the water here was like that in the upper harbor in midstream, be- 
tween the Cunard wharf and the New York and New England railroad docks. 

By the color and stillness of the surface the area containing sewage could be 
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distinguished for a quarter of a mile farther, or at a distance of one mile from the 
outlet; but no odor could be distinguished, and there was no disagreeable 
appearance. 

At one mile and a quarter a narrow strip of smooth water and a slightly 
opaque character of the water—seen only upon very careful examination—indi- 
cated an effect from sewage; but at one and a half miles from the outlet no 
trace of the sewage could be seen, although floats which started with the sewage 
had gone far beyond. ; 

To present this subject with more definiteness than can be conveyed by re- 
cording the observations of individuals, samples of the water taken from the 
middle of the stream of sewage were subjected to more careful chemical tests, in 
comparison with the adjacent salt water which was unaffected by this sewage, 
and with the salt water of the inner harbor. 

Samples of the sewage throughout the stream of observable sewage and be- 
yond were taken within eight inches of the surface, after the stream had flowed 
in nearly the same place for three hours, and were subjected to chemical analysis 
with the following results: 


TABLE XLVI 





Free Albuminoid Sum of P 
Ammonia Ammonia Ammonias Chlorine 


Salt water, up stream, from area containing sewage....... .0056 .0098 .0154 1,675 
Salt water, down stream, from area containing sewage..... .0056 .0095 .0151 1,746 


Water, within area containing sewage, at the following dis- 
tances from outlet: 


0 feetles ac oy See eT epee, eee Meee 2.5000 .5310 3.0310 773 

O00 0" ir aveicle esata fs eg ered Ne emer Neh tar pea ite nak .1944 .0636 . 2580 1,570 
SOO FS OIE Ra ae Si, VERO ERS LE a OR eR tes es .0416 .0254 .0670 1,621 

4 TOD, 5 a wcirics ccescbtae we gt iee Re eaten NA iinetee Geb aes 0224 .0116 .0340 1,694 
DOU ra sic etc Soe eevee Ona eid eae ee aon else 0184 .0156 .0340 1,689 
FLO Sf coc pene tree cru tnitn wna a maken ea sede 0136 .0108 .0244 1,687 

AU AP AN PE dl aS Pa Ae ea is eal ra UE es ee MRS Be he 0104 .0096 .0200 1,710 

Water in mid stream at crossing of North ferry to East 

Boston 8 eg etait oi tan ee al hk ct iad tie ere .0480 .0154 .0634 1,581 








From these analyses it appears that in the stream of sewage at four hundred 
feet from the outlet of the sewer the upper eight inches in depth was about one- 
half sewage. At 1,600 feet distant it contained about one-eighteenth of its bulk . 
of sewage, and at 3,200 feet, or five-eighths of a mile distant from the outlet of 
the sewer, the ammonias indicated the amount of sewage added to be but 1 per 
cent. of the volume of the water, and the same amount as found in midstream at 
the crossing of North Ferry to East Boston. Beyond this distance the amount of 
ammonia added became about one-half of 1 per-cent. at a mile, and less than one- 
tenth of 1 per cent. at one and four-fifth miles from the outlet. 

These results confirm those of direct observation. With the ordinary wave 
motion at this place, a mile from the outlet, the amount of sewage remaining near 
the surface of the water is so small that no disagreeable appearance or odor can 
be recognized. 


Continued observations were made from time to time of the effect of the dis- 


charge of sewage at Moon Island in subsequent years, and a very thorough study was 
made in 1899 by the Metropolitan Sewerage Commission,* and in 1900 by the State 
Board of Health. Since 1902 the outlets have been examined annually by the State 
Board. 


*Of Boston. 
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RESULTS OF NUMEROUS INVESTIGATIONS OF THE EFFECT OF THE DISCHARGE OF SEWAGE 
AT THE MOON ISLAND OUTLET 


Sewage is discharged from the reservoirs at the Moon Island outlet at about the 
level of the sea, with a strong initial velocity, and observations show that the sewage 
advances over the surface of the tidal current at a more rapid rate than the flow of 
the current. The area covered varies greatly, being greatest on calm days, when it 
may cover an area of nearly 1,000 acres. Under ordinary conditions the area covered 
is smaller. The field covered by the discharge is plainly marked on fairly calm days 
by the thin film of grease which spreads over the surface of the water and which 
covers a considerably wider area than that in which sewage can be detected. The 
presence of sewage can be noted by the suspended matter in the water for a distance 
of one and one-half miles from the outlet, but areas containing small quantities of 
sewage are sometimes found at greater distances. The area in which the sewage gives 
the water an objectionable appearance is about one square mile under ordinary con- 
ditions, but the objectionable odors due to the sewage are confined to a comparatively 
small portion of this area. The sewage spreads widely upon the surface of the water, 
covering it with a layer of sewage, which rapidly grows thinner as the distance from 
the outlet increases, and except in the neighborhood of the outlet sewage is rarely 
detectable in samples of water collected 5 feet beneath the surface. 

After the discharge has ceased the sewage disappears quite rapidly, its disap- 
pearance being observable by the change in the color of the water. These changes 
take place all over the area and the sewage rapidly breaks up into small fields and 
occasionally areas containing traces of sewage can be seen for a considerable time 
after the general sewage tract has become quite thoroughly broken up. Large areas 
covered by sleek or the thin film of grease sometimes persist for a longer time but 
frequently do not contain underneath this film enough sewage to be detectable in the 
water. 

No accurate soundings are available to show whether there has been a shoaling 
of the water around the Moon Island sewer outlet. The sea is very shallow along the 
sea wall southeast of the outlet and at this point a deposit of sewage sludge occurs in 
the summer season, which attains a depth of several inches. A small portion of this 
' only is exposed at low water, so that it does not cause a serious nuisance. This 
deposit is carried away by the heavy northeasterly storms of winter and the bottom 
becomes quite clean after such storms. Boatmen who navigate these waters state 
that they have not noticed any soaling of consequence in this region since the sewer 
outlet was first established. Soundings across the channel between Moon Island and 
Long Island have shown the presence of mud on the bottom of the harbor in this sec- 
tion and no doubt heavier portions of the sewage settle here before final decomposi- 
tion, but there is no available record:of the character of this bottom before the dis- 
charge of sewage was begun. Considering the enormous quantity of sewage matter 
that has been discharged here in the 25 years since the outlet was first used, it is 
evident that whatever accumulations may have taken place have been inconsiderable 
and that the shoaling, if any, takes place so slowly that it is of little practical con- 
sequence. 


EFFECT OF THE DISCHARGE OF SEWAGE AT DEER ISLAND 


The main outlet for the North Metropolitan system of sewers at Deer Island is 
located in the neighborhood of Deer Island Light at the end of a long sand bar which 
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is uncovered at low tide. The outlet is placed at the level of low water or a little below 
it, so that it is covered with water at all times and at high tide to a depth of about 10 
feet. The tidal current at this outlet reaches a velocity of 4 miles an hour, or about 
6 feet per second. 

Studies of the discharge of sewage at this outlet have shown that with a flow of 
about 2,000,000 to 3,000,000 gallons per hour the area covered by sewage on the ebb 
tide is about 114 miles in length and about two -fifths of a mile in width at the widest 
place, and the area aggregates about 250 acres under average conditions. On the in- 
coming tide sewage flows in the direction of Governor’s Island and on still days 
covers a Slightly larger area than on the ebb. 

Observations of the number of bacteria in the water show that they diminish 
with great rapidity as the distance from the outlet increases, and the number found 
at a distance of a mile from the outlet is about 300 per cubic centimeter. Three 
thousand feet from the outlet the bacteria in the sewage amounted on one occasion 
to about 1,800 per cubic centimeter. 

The depth of sewage in the water immediately about the outlet reaches 5 feet 
and the sea water in the neighborhod of this outlet where sewage is densest had been 
found on one examination to contain about 3 per cent. of sewage. Traces of sewage 
in this case also were largely confined to the surface of the sea and little trace of it 
could be found at a depth of a few feet except in the immediate neighborhood of the 
outfall. The odor about this outlet is much less noticeable than in the neighborhood 
of the Moon Island outlet, partly, no doubt, because the sewage discharged here 
is fresher and partly because the quantity of sewage discharged at one time rarely 
exceeds 3,000,000 gallons per hour, while the quantity discharged at Moon Island 
amounts to an average of 20,000,000 per hour for periods of two hours twice each day. 


THE OUTLET OF THE HIGH-LEVEL SEWER AT PEDDOCK’sS ISLAND 


The sewage from the high-level sewer, so called, is discharged at two points—one 
located off the northwesterly shore of Peddock’s Island, one mile north of Nut Island, 
and the other 1,500 feet to the east and nearer Peddock’s Island. The outlets are 
located in the strong current of President Roads, which, during the incoming tide, 
flows around the southerly end of Peddock’s Island into Hingham Bay, and during 
the outgoing tide flows through President Roads to the sea. The outlets were separ- 
ated because observations of the discharge of sewage at the other outlets had shown 
that sewage, when discharged continuously into a strong tidal current, tended to flow 
in rather a narrow field and for a comparatively short distance, and it was expected 
that by dividing the flow the sewage would become more quickly diluted when mingled 
with the large volume of water flowing through this seaway, and would be carried to 
sea before it could create a nuisance or lodge upon any inhabited shore or at a place 
where it might be objectionable. It is expected in the future that a much larger 
quantity of sewage will be discharged at this outlet than is the case at the present 
time, but the amount now discharged has so little effect upon the water into which it 
flows that even when the discharge is much larger than the average the sewage can 
be seen only in a very small field. It has not been necessary to use both outlets at the 
same time and all of the sewage has thus far been discharged through one outlet, but 
the outlets are used alternately for periods of several weeks to keep them free of 
deposits. 
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The Peddock’s Island outlets, in contrast to those previously described, are located 
in a deep tidal channel, and the depth of water over the outlets is 30 feet at mean low 
tide and 40 feet at high tide. The sewage rises rapidly through the salt water but is 
evidently greatly dispersed and diluted before reaching the surface of the sea and is 
nowhere as dense at the surface of the water as is the case at Moon Island or even at 
the Deer Island outlet. Not only is the density much less and the sewage already ap- 
parently greatly diluted when reaching the surface of the sea, but it also spreads for 
a much more limited distance. Very little odor of sewage can be detected about this 
outlet, excepting in its immediate neighborhood, even when discharging sewage at 
the rate of 2,500,000 gallons per hour. 

Comparing the various observations that have thus far been made of the dis- 
charge of sewage at the various outlets, it is evident that the sewage discharged at 
the Peddock’s Island outlets disperses much more rapidly than at the Deer Island 
outlet and is noticeable over a much smaller field. On very calm days the sleek from 
this outlet sometimes covers a considerable area. The sleek, however, is a very thin 
film of grease or oil, often noticeable upon the surface of the water after all of the 
sewage has been dispersed. 


SUMMARY OF THE RESULTS OF THE DISCHARGE OF SEWAGE AT THE THREE PRINCIPAL 
OUTLETS IN BOSTON HARBOR 


The conditions affecting the discharge of sewage at the three main outlets in 
Boston harbor differ widely in the quantity of sewage discharged, the strength of 
the currents, the location of the outfalls and, to some extent, in the character of the 
sewage. The sewage discharged at the Moon Island outlet passes on its way from 
the city through deposit sewers or settling tanks for the removal of sand, subse- 
quently through a long tunnel under Dorchester Bay and is then stored for several 
hours in open reservoirs on Moon Island before being discharged. The sewage dis- 
charged from the North Metropolitan district at Deer Island contains a large pro- 
portion of very foul manufacturing wastes, including wastes from slaughter houses, 
pork packing establishments, tanneries, currying shops, etc., and much of it is 
pumped twice and a large portion of it three times before reaching the outlet. It is 
not passed through settling tanks or stored in reservoirs at any point, however, and 
reaches the outlet in a much fresher state than the sewage discharged at Moon 
Island. Part of the sewage discharged at Peddock’s Island from the high-level sewer 
flows there by gravity, while a little over half of it is pumped into that sewer from 
the main sewer of the Charles River valley and this sewage is probably as fresh when 
it reaches the outlet as that discharged at Deer Island and is less affected by 
pumping. : 

The discharge at Moon Island occupies only about two hours on each tide, so 
that with the present quantity of sewage the sewage flows into the sea at a rate of 
20,000,000 to 25,000,000 gallons per hour. The sewage is discharged at the surface 
of the sea with quite a rapid velocity, so that it tends to spread widely over the sur- 
face and doubtless covers a larger area than it would if the outlet were located in a 
considerable depth of water. At Deer Island sewage is discharged somewhat below 
the level of low water and this condition evidently offers a better opportunity for 
dilution than is the case at Moon Island. At Peddock’s Island, where the outlets 
are 30 feet below the level of low tide, it is very evident from inspection that the 
sewage has become very considerably diluted before reaching the surface of the sea. 


Bet REPORTS OF EXPERTS 


The current into which the sewage is discharged at Moon Island at its maximum 
is less than 2 miles an hour and is usually not much over 1 mile per hour. At Deer 
Island the maximum current is 4 miles per hour, and a nearly equal maximum is 
reached at Peddock’s Island. 

The spread of the sewage at Moon Island over a wide area is evidently prin- 
cipally due to the greater quantity discharged there, as compared, with the other two 
outlets, to the manner of discharge and to the slackness of the currents. 

The sewer outlets in Boston harbor in all cases discharge into tidal currents of 
a volume many times greater than the amount of sewage which they now receive. 
Careful analyses of the water over the field covered by sewage at Moon Island show 
little trace of it within a few hours after the discharge ceases, notwithstanding the 
fact that this outlet has been in operation for many years. Similarly at Deer Island 
no deposits of sewage are traceable along the shores about the outlet nor is it possible 
to detect even by chemical analysis any effect of the sewage on the sea water except 
in the immediate field in which it flows. 

All things considered, the Peddock’s Island outlet, judging from the experience 
up to the present time, will probably be the most satisfactory of those now in use. 
The chief advantage at this outlet over the outlet at Deer Island appears to be due 
to the fact that it is located in deep water and that the sewage becomes considerably 
diluted before it appears at the surface. The volume of the tidal currents at Deer 
Island and Peddock’s Island are much greater than at Moon Island, but at the latter 
point the volume of the current is very large in proportion to the quantity of sewage, 
amounting on the ebb between Long and Rainsford islands to more than 70,000 cubic 
feet per second. 


GENERAL EFFECTS OF THE DISCHARGE OF SEWAGE AT THE VARIOUS OUTLETS 


The reservoirs in which the sewage is stored at Moon Island are uncovered and 
odors from them are noticeable at times for a considerable distance under conditions 
favorable for their dissemination. They are not serious enough to make it desirable 
to cover the reservoirs. As stated above, an offensive odor is noticeable when sailing 
in the field of sewage within half a mile to a mile from the outlet for a time after the 
discharge has taken place, but within a very short time after the discharge ceases the 
Sewage disappears, and chemical analyses have shown that very little effect of the sew- 
age is traceable in the water after the effect of the discharge has disappeared from sight. 

At the Deer Island outlet, where the sewage covers a smaller area, the odors are 
noticeable only when sailing within a few hundred feet of the outlet. 

At Peddock’s Island an odor of sewage is noticeable only immediately about the 
outlet itself. 

The results of careful examinations of the shores of the harbor and of the islands 
therein show no visible trace of the discharge of sewage excepting the grease balls which 
form in the sewers and when discharged float upon the water, and may be carried by 
the currents for many miles before they become thoroughly broken up. 

The results of observations upon the effect of the discharge of sewage at the vari- 
ous outlets in Boston harbor as herein given are based upon the conditions found in 
comparatively calm weather in the warmer portion of the year. In storms and at 
times of high winds the effect of the sewage is much less noticeable than at other times. 

Respectfully submitted, 


June 11, 1909. X. H. GOODNOUGH. 


PART IV 


Data Relating to the Protection of the Harbor 
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PART IV 
Data Relating to the Protection of the Harbor 


CHAPTER I 


THE UTILIZATION OF SEWAGE WITH SPECIAL REFERENCE TO THE 
POSSIBILITY OF DERIVING A FINANCIAL RETURN 
FROM THE SEWAGE OF NEW YORK CITY 


The utilization of sewage is so desirable, yet so little practised, that the Commis- 
sion has made an inquiry into the subject with the object of bringing together the 
most important data in regard to it. 

The opinion which the Commission has drawn from this study is that, although 
the present state of science does not warrant New York in seeking to turn its sewage 
to profitable account, some process may be discovered whereby this end can be accom- 
plished. The most helpful direction in which to look for this result is with the sludge. 
The works which the Commission recommends are intended to dispose of the sewage 
without immediate regard to profit, but they are so designed as to provide for utiliza- 
tion in case suitable processes for the accomplishment of this end are ever devised. 

The term profit is here used in the customary sense to mean a return in money, 
or its equivalent, which may be applied to reduce the cost of building and operating 
such works as may be necessary to dispose of the sewage in a sanitary manner. If by 
profit is meant such a saving in the cost of purification as can be effected by a 
proper employment of the forces of nature to absorb and carry off the objectionable 
materials, the case is different. In this sense the most profitable use of New York’s 
sewage is that which nature provides in the digestive capacity of the harbor water, 
whereby a large part of the offensive and harmful ingredients of sewage are ren- 
dered harmless without cost. There is here a valuable asset which, if it does not pro- 
duce visible return, is none the less capable of effecting an immense saving to the city 
over the cost of works whose object it is to purify the sewage. 


COMPOSITION OF SEWAGE WITH REFERENCE TO UTILIZATION 


It has been impracticable to analyze the sewage produced throughout New York 
City and it has never appeared to the Commission desirable to do so. The sewage 
is contributed by the houses and streets through a large number of local sewerage 
systems, most of which discharge through outlets which are submerged at most 
stages of the tide. During all stages, the water of the harbor backs up into the sewers, 
thereby materially affecting the quality of the sewage. The effect produced is com- 
plicated. The sewage is not only diluted, but changes are produced in its composi- 
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tion by reason of the salty condition of the harbor water. Owing to the interference 
produced in the flow of sewage, deposits occur and an opportunity is afforded for 
decomposition to take place. 

The distance from the water front to which the effects of the tide may produce 
decided alterations in sewage varies with the part of the city under consideration. In 
some parts of Manhattan and the Bronx, the sewers feel the effects of the tides in the 
harbor for over a mile from the sewer outlets. It would be impossible to collect 
samples of sewage near the outlets at any stage of tide which would show the average 
composition of the sewage through the twenty-four hours, and samples taken at any 
other point could not be considered as representative of the sewage with which main 
drainage works would have to deal. 

The standard sewage assumed by the Commission is based upon the known com- 
position of the sewage of such other cities as afford reliable data on the composition 
of their sewage and in which the conditions of residence and manufacture are more 
or less similar. It is not expected that the standard sewage assumed will actually be 
met with when main drainage works are constructed, but the basis of this standard 
sewage being stated, it will be easy to make such changes as may be necessary in the 
main drainage works in order that they may meet the requirements of sewage which 


varies from the standard in any important particular. 


Origin and Variable Quality of the Mixture. The sewage from the average 
American city, when fresh, possesses a dirty gray color and gives off a.slightly un- 
pleasant and rather musty odor. A large sample is likely to contain small pieces of 
newspaper and toilet paper and fine particles of suspended matter. Most of the par- 
ticles will pass through a screen with a mesh of one-eighth of an inch, the largest 
particles at the surface of the sewage being excluded. The small solid particles are 
composed partly of fecal matter and paper broken up by friction against the walls 
of the sewers, but there are many minute pieces of fiber, cloth and other material, 
obviously of human origin, and a considerable amount of mineral detritus. 

It has frequently been remarked that the presence of human excrement produces 
very little effect upon either the composition or appearance of sewage. Excrement is 
especially noticeable when sewers are short. Few of the sewers of Manhattan are 
long and an unusually large amount of solid particles separately recognizable as of 
human origin reach the outlets. 

Upon standing, many of the solid particles of sewage settle out, causing a dirty, 
dark and somewhat slimy deposit called sludge. : 

If sewage is allowed to stand for a few hours at ordinary summer temperature, 


it becomes putrid and this is true whether the suspended matter has been removed or 
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not. If greatly diluted with water or put upon a sufficient area of land, it will not 
putrefy; in either case, the organic substances are gradually converted into harmless 
and inoffensive compounds. It is when the natural purifying agencies which are 
present in soil and water are overtaxed that putrefaction with its offensive odors is 
produced. All methods of purifying sewage artificially aim to resolve the substances 
which are capable of putrefaction into stable compounds under conditions which are 


under control. 


The Liquid Portion. The liquid portion of sewage consists not only of water, 
but of a large number of substances which are present in dissolved and diluted form. 
The most prominent component of the liquid part of sewage is urine and this, in com- 
bined sewers, may have been derived not only from the human population, but from 
animals, particularly horses, upon the streets and in stables. As appears elsewhere 
in this report, the urine contains more of the solid matters excreted by human beings 
in the course of a given interval of time than do the feces. 

A part of the liquid matter of sewage consists of extractives of decomposable 
and, in some cases, decomposing organic matters from kitchens, streets and factories. 
Some of these extractives, especially those of industrial origin, may present diffi- 
culties of peculiarly troublesome nature in the final disposition of the sewage. 

In the artificial purification of sewage, it is customary to dispose of the liquid por- 
tion by some process of oxidation. In fact this material cannot be finally rendered 


inert and incapable of producing offensive odors unless it is oxidized. 


The Solid Ingredients. Grit constitutes the largest part of the solid matter con- 
tained in combined sewage, if weight alone is considered. It is derived chiefly from 
the surface of the streets and is present in all degrees of fineness from particles of 
microscopic proportions to sand and fine gravel. 

By the solid matters, however, is usually understood the relatively large mate- 
rials of human origin which make sewage offensive to the senses.’ In the report of 
the Commission for April 30, 1910, the solids of sewage are divided into three classes: 
Those which sink soon after the sewage is discharged into the harbor; those which 
continue to float after some time on the surface of the water, and those which are long 
carried in suspension in the bodies of the tidal streams. 

It is evident that particles do not always remain in any of these divisions. Many 
of those which float gradually become broken up and water-soaked and sink beneath 
‘the surface of the water and thus pass from the second to the first division or to the 
third. In the third class are the colloids or semi-solid materials and finely divided 
particles of suspended matters. 


In disposing of sewage by artificial methods, the management of those solid and 
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semi-solid matters which are collectively termed sludge is recognized as of paramount 
difficulty. In fact the disposal of sewage resolves itself, in the average case, into the 
separation of sludge and the disposition of the latter. It is comparatively easy to dis- 
pose of the liquid part of sewage. 


The Gases. Contrary to popular opinion, there is no gas properly termed sewer 
gas. Aside from the very large amount of moisture which it contains, the air of sewers 
does not differ materially, so far as analyses indicate, from outside atmospheric air. 
In fact, sewers which are properly ventilated contain such a large amount of outside 
air as greatly to modify the composition of such gases as may be attributable to the 


sewage. 


Probably first in importance among the gases contained or produced by sewage 
is marsh gas, CH,. Marsh gas or methane is produced when putrefaction takes place; 
and decomposition, either of the kind termed putrefaction or other, is invariably present 
in sewage. Aside from the fact that it is a diluting agent which is capable of reducing 
the amount of oxygen present by mere dilution, marsh gas is not considered objec- 
tionable in sewer air. The amount present is very small in sewers which are well 
ventilated and so constructed as to\avoid deposits. 

The decomposition of the compounds of carbon, of which the organic matter of 
sewage is composed, consumes oxygen and gives off carbon dioxide as do the human 
lungs. The amount of carbon dioxide present in sewer air and in sewage is small and 
without any effect upon health. It is also without odor. The offensive odors which 
arise from sewers are sometimes due to ammonium compounds, sometimes to sulphur 
compounds and sometimes to mould growths on the sewer. The explosions which 
occasionally take place in some cities are generally due to gasoline fumes or illuminat- 
ing gas. 

Except when in a putrefying condition, there is usually some dissolved oxygen in 
sewage. In fact, it is desirable that sewage should always contain this gas except 
where it is liquefying the solid organic particles in order to facilitate final disposi- 
tion. If sewers are well ventilated and the sewage is kept fresh, the air from them 
will not be objectionable. 

The Mineral and Organic Matters. It is customary to report the analysis of sew- 
age as containing certain amounts of solid matters present in the mineral and in the 
organic state. By mineral matters is meant such material as silica, iron, calcium and 
other materials which are in a state which is permanent and incapable of producing : 
offense. The organic matters are distinguished from the mineral substances in that 
they can, and are likely to, decompose. With the mineral matters, the art of sewage 
disposal has but little concern. The worst effect which they can produce is to con- 
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tribute to the formation of deposits injurious to navigation and to interfere with 
processes for the removal of the organic matters. 

The term organic matter is generally employed in a loose and indefinite manner. 
Strictly speaking, it should include only such substances as contain carbon in more 
or less loose combination with other chemical elements. Practically organic matter, 
as determined by analyses, often means such ingredients of sewage as are capable of 
being driven off by ignition at red or white heat after the total solid materials in 
sewage have been extracted by evaporation, although it is quite unreasonable to include 
as organic matter of sewage such volatile mineral matters as carbonates and salts of 
ammonia. It is misleading to reckon with the decomposable matters, such organic 
compounds as paper, wood, matches and hair. These substances, except in com- 
minuted form, are not likely to be included in a sewage analysis and yet it must be 
remembered that from the time sewage is produced to its final disposition, processes 
of division and sub-division are continually taking place among the solid particles, 
so that it is impossible, without a microscopic examination, to distinguish between 
the resistant and non-resistant parts of the organic content. 

The Bacteria and Other Forms of Life. As may be inferred from a consideration 
of the origin of sewage, bacteria and other minute forms of life are usually present 
in great number and variety. Those of essential importance comprise the infective 
agents of disease and the bacteria which are concerned in the decomposition of the 
organic matters. So far as utilizing the sewage is concerned, the bacteria of disease 
may be excluded from consideration except in so far as the method of disposal may 
lead to infection as, for example, through drinking water supplies, shellfish, bathing, 
fishing, the collection of driftwood, or by eating the raw product of farms on which sew- 
age or sludge has been used as a fertilizer. 

No process of sewage purification, except disinfection and the application of sew- 
age to land, has thus far been found capable of eliminating disease germs. Most 
processes of sewage disposal produce but little effect upon the dangerous character of 
the sewage. Sewage purification is not properly to be regarded as a sufficient means 
of protecting sources of water supply into which the sewage must eventually be dis- 
charged. The necessary protection can, in most cases, be much more suitably and 
economically effected through the purification of the drinking water than by the puri- 
fication of the sewage. This does not mean that the sewage of a great city should be 
discharged into a natural body of water without regard to the harmful bacteria which 
may be present. Where disposal entails serious risk to health, special precautions in 
the way of disinfection should be practised. 

When bacteria which are capable of producing disease are discharged into sewers, 
material reduction in the number of the disease germs ordinarily takes place. The 
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popular belief that the harmful bacteria multiply in sewage and in polluted water is 
unfounded. Laboratory experiment and experience gained in many investigations 
show that there is little danger to be apprehended by those who may be compelled to 
work in sewers or in sewage disposal plants because of the germs of disease which 


may be present. 

Where sewage is discharged into natural bodies of water or upon land, the un- 
favorable conditions which there occur for the continued life of the bacteria soon 
lead to the elimination of all danger. Epidemics of typhoid and cholera which have 
been traced to water have been due, in most cases, to relatively recent and intense pol- 
lution. Harmful bacteria appear to live much longer in sludge than in the liquid 


part of sewage. 


There seems to be no special risk to health attending any of the processes em- 
ployed in the utilization of sewage except where gross carelessness exists. Inquiries 
made in English cities where the conservancy system is employed have failed to show 
that the employees engaged in collecting or disposing of the excrement are peculiarly 
prone to disease. The laborers and others who dwell among the sewage irrigation 
fields of Paris and Berlin enjoy excellent health. It is dangerous to sprinkle fresh sew- . 
age upon garden vegetables or fruit and persons who work with sewage should be © 


careful to cleanse their hands thoroughly before eating. 


In view of the potential danger which would seem to exist in sewage, it is remark- 
able that so few epidemics of disease have been attributed to the disposal of sewage 
by application to land. Aside from a few explosions of typhoid fever, said to have 
been produced by eating celery, lettuce and watercress, there is little recorded 
evidence to show that food, other than milk and shellfish, is at all likely to become 
infected. 

The destructive agencies which cause the disappearance of harmful bacteria, 
when the sewage is discharged upon land or into a natural body of water, are not all 
understood, but the subject has been investigated sufficiently to show that sunlight, 
uncongenial temperature and lack of suitable food are among the principal condi- 
tions which make for the destruction of pathogenic bacteria. So particular are the 
requirements of disease germs that there are very few known species which will live 
and multiply, except for a brief interval, outside of the body. 

Natural Changes Which Sewage Matters Undergo in the Presence and Absence of 
Air. Prominent among the bacteria which must be considered in the disposal of sew- 


age are those which carry on the various forms of decomposition to which sewage is 
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liable. The bacteria in this class find their nutriment in the dead organic matter of 
sewage as distinguished from disease germs which feed upon a living host. 

In the presence of a sufficient supply of oxygen, the bacteria of decomposition are 
capable of breaking up the complex organic molecules of the solid and liquid substances 
of sewage and resolve them into harmless inert mineral matters. Among the bacteria 
of this class are those which attack the ammoniacal matters and produce nitrates and 
nitrites. These organisms are everywhere present in soil and water. They are indis- 


pensible in preventing sewage from producing offensive odors. 


Septicization. When the oxygen supply is deficient the bacteria of putrefaction 
become active and break down the organic compounds, liquefying the solids and pro- 
ducing offensive-smelling gases. At one time it was thought desirable to utilize putre- 
fying bacteria in order to get rid of the solid organic matters and otherwise prepare 
the sewage for final disposal. The present tendency is to keep the sewage from putre- 
fying and to deal with it in the freshest condition practicable. In the average case, 
no useful end is to be accomplished by bringing about septic action, as putrefaction is 
customarily termed. In fact unfavorable conditions due to foul odors brought about 
by septic action often restrict the application of this process. ae 

In addition to the bacteria, other forms of life in great variety are present in 

‘sewage. Not improbably enzymes and other ferments are intimately connected with 
the phenomena of putrefaction and oxidation. In breaking up solid particles, larger 
forms than the bacteria are of use. These larger forms comprise representatives from 
the animal and vegetable kingdoms, such as are commonly present in decomposing 
matters of any kind. The black color of septic sewage is due to the formation of 
sulphide of iron probably by bacterial decomposition of sulphates. 

The peculiar musty, sweetish odor noticeable in most sewers is generally ascribed 
to fungus growths. Fungi of many kinds find the conditions of food, temperature 
and moisture suited to them in sewers, the result being that luxuriant growths often 
occur. 

Composition of the Standard Sewage Assumed for New York. The composition of 
New York’s sewage has been described by the Commission in its report of April 30, 
1910, Chapter X, page 429, report of August, 1912, Chapter III, page 28, and prelimi- 
nary report No. VI, February, 1913, page 19. 

The following table gives, without unnecessary detail, and in form convenient for 
use, the principal ingredients of the standard sewage of the City of New York. This 
composition is based on the assumption that 100 gallons of sewage are produced per 


capita per 24 hours. 


348 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE XLVII 


STANDARD NEW YoRK SEWAGE 
Parts by Weight per Million 


of Water 
Solid Matters, °35 [750 eee ae cee Meee ete Cerner: eeereee 800 
Dissolved... <ioy cer in hor csisze dl oaeare ha ick ee PEL Loe eee 500 
Suspended! 7. Soh e Et Sa sek eins oe ee Eee 300 
Organic and Volatile: Matters.$..77) 23 nee aa eee ta eee 400 
Dissolved ac Sh or a ee eee eee 200 
Suspended oe ow f2455 LoS We aes Se eee ee ct 200 
Nitrogenous. «25.5 aes Gaia}, de oe Rhee Seer og 150 
Nitrogen. vic sacehe eas 25 os aC ee ee eee 15 
Non-Nitrogenous. «2... 5060 e608 ee eee ee eee 250 
Fat, ete staged oiree Se ser ate te oye ooo ake Fee TCR 50 
Total. Carboni e2c0 Soics.ceeeie ue etete cae ee an eae 200 


Table XLVIII, prepared from Table XLVII and data contained in the report of 
this Commission dated February, 1918, pages 18 and 20, gives the quantities in tons of 
the various ingredients of the sewage calculated in accordance with the foregoing stand- 
ard composition, the number of gallons per capita of sewage produced and the popula- 


tion producing the sewage as of the years 1910 and 1940. 


TABLE XLVIII 


WEIGHT OF SEWAGE INGREDIENTS TRIBUTARY TO THE SEVERAL DIVISIONS OF THE HARBOR. 
THE RESULTS STATED ARE TONS OF 2000 LBS. PER 12 LUNAR Hours 





1910 
Division of the | Sus- Organic and Volatile Matters 
Harbor pended Snare Gallons, 
Solid Me ce Population | per Capita 
Matters |-po4,)| Dis-_ | Sus- | Nitro- | Fats, | Car- ge. per Day 
solved | pended | genous| ete. | bon 
Harlem river....... 52 70 35 35 26 9 35 99 797,000 124 
Hudson river....... 65 87 43 44 33 11 43 132 1,900,000 131 
Upper East river... 12 16 8 8 6 2 8 21 182,000 115 
Lower East river... 133 178 89 89 67 22 89 264 2,058,000 120 
Upper bays: nies = 34 45 23 22 17 6 23 64 519,000 123 
Newark bay....... : 7 9 4 5 3 1 4 13 103,000 126 
Kill van Kull....... 3 4 2 2 2 0.6; 2 7 50,000 140 
Jamaica bay....... 23 30 15 15 11 4 15 53 351,000 151 
1940 
Harlem river....... 111 148 74 74 56 18 74 253 1,708,000 148 
Hudson river....... 126 168 84 84 63 21 84 302 1,940,000 156 
Upper East river... 43 57 29 28 21 7 29 99 649,000 152 
Lower East river... 209 279 139 140 105 35 | 139 454 3,223,000 141 
Upper bay .o2. ise. 59 79 40 39 30 10 40 118 908,000 130 
Newark bay....... : 13 18 9 9 7 2 9 30 200,000 150 
Kill van Kull....... 9 12 6 6 4 2 6 23 139,000 165 
Jamaica bay....... 59 79 39 40 30 10 39 163 909,000 180 











The Question of Utilization.—So far as utilization is concerned, the most valuable 
ingredients of sewage are nitrogen, phosphoric acid, potash and fat. The following 
table gives the amounts of these substances, excepting the fat, found in the sewage of 
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the Lawrence, Mass., Experiment Station during 1912, as stated by Mr. H. W. Clark in 
the Monthly Bulletin of the State Board of Health for December, 1913. 


TABLE XLIX 
AMOUNT AND VALUE OF THE FERTILIZING CONSTITUENTS IN 100 GALLONS OF LAWRENCE 
SEWAGE 
Cents per Value 
Pound Pound (Cents) 
PIsIPETEBS ITEGLATITONI Re cise 6 5.k pu cc sls pelea as ea ivesedndscaeee ease 20 16 4.3 
Batre ROVE sais na ihieie's ash aids 4 ale Lacy sw aed.s noe oes ap soba we .09 10.0 9 
Phosphorie acid reckoned as PsOe. 6... ee eee cee eee detenes .08 5.0 4 
tHE MST CO MOLEC IAS LCs) ae es metres = eS haysicla ic ain oto love ale date wie boedee ouelelees sie 4.2 ot 


Each thousand gallons also contained about one-quarter of a pound of fatty mat- 
ters worth, at 3 cents per pound, about 7.5 mills. 

Assuming that the composition of Lawrence sewage fairly represented the sewage 
of New York, the following table has been prepared to show the weight and value of fer- 
tilizing ingredients contained in the sewage which is tributary to the several divisions 
of New York harbor. The Lawrence sewage contained, in parts per million, the follow- 


ing fertilizing ingredients: 


PVILTOP ER OS ITEO, CITING et fe ets fo gel say ohio ts ose weniae bya we sa wie Bde 32 

RC seiamb HithOmen sees Perit eee ty ois din sha eiore Bn wates «sists Suds mamae 10.8 

at an ee eed eset eM eatin? Wada! ouaivis he eagle dare ome Boe 10.0 
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TABLE L 


WEIGHT AND VALUE OF FERTILIZING INGREDIENTS CONTAINED IN THE SEWAGE TRIBUTARY 
TO THE SEVERAL DIVISIONS OF NEW YORK HARBOR 








Quantities in Tons of 2,000 Pounds per Values per 24 Hours 


Division of the | Sewage 24 Hours 
Harbor - Med. 
Nitrogen | Total Nitrogen Total 
5 ° K 
ceetians Nitrogen P.0; K,0 Fats ee : Nitro gen P.O; 20 Fats 
Harlem river..... 99 | 15.04 | 5.08 | 4.70] 7.08] 17.80]| $4,812 | $1,016 | $470] $595] $1,068 
Hudson river..... 132 20.05 6.78 6.27 | 9.48 | 23.73 6,420 1,355 627 792 1,424 


Upper East river.| 21 3.19 | 1.08 | 0.99] 1.50] 3.77|| 1,020 216 99| 126 226 
Lower East river.| 246 | 37.35 | 12.62 [11.68 |17.56 | 44.20]| 11,950 | 2,525 | 1,168] 1,475] 2,640 


Upper bay....... 64 9.72 3.29 | 3.04 | 4.52 | 11.50 3,110 657 304} 380 690 
Newark bay...... 13 1.98 0.67 | 0.62 | 0.93 | 2.34 634 134 62 78 140 
Kill van Kull..... 7 1.06 0.36 | 0.33 | 0.50} 1.26 339 72 33 42 76 
Jamaica bay..... 53 8.05 2.72 | 2.51 | 3.79 | 9.52 2,576 544 251 318 571 

FEGEAL cance. 635 96.44 | 32.60 |30.14 [45.31 |114.32|| $30,861 | $6,519 | $3,014/ $3,806) $6,835 


Grand Totals, per 24 Hours: Weight, 318.81 Tons; Value, $51,035. ace oe Mn 116,366 Tons; Value, 
18,627,775. 
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TABLE L—Continued 








1940* 
Quantities in Tons of 2,000 Pounds per Values per 24 Hours 
Division of the | Sewage 24 Hours 
Harbor Med. 

Nitrogen | +p otal Nitrogen Total 

hee fated a Nitrogen P.O; | K.O | Fats ce ian Nitrogen P.O; | K,0 Fats 
Harlem river..... 253 32.00 | 10.81 |10.05 |15.04 | 37.84/| $10,240 | $2,162 | $1,005] $1,263) $2,270 
Hudson river..... 302 | 38.22 | 12.90 {12.00 |17.95 | 45.17|| 12,230 | 2,580] 1,200] 1:507/ ‘2,710 


Upper East river. 99 12.52 4.23 | 3.93 | 5.88 | 14.20 4,005 846 393} 494 852 
Lower East river. 454 57.45 | 19.40 |18.05 |27.00 | 67.90]; 18,380 3,880 | 1,805) 2,267 4,074 


Upper bay....... 118 14.94 5.04 | 4.68 | 7.01 | 17.65 4,780 1,008 468} 589 1,065 
Newark bay...... 30 3.80 1.28 | 1.19] 1.78 | 4.49 1,216 256 119} 149 269 
Kill van Kull..... 23 2.91 0.98 | 0.91 | 1.37] 3.44 931 196 91; 115 206 
Jamaica bay..... 163 20 .62 6.96 | 6.47 | 9.69 | 24.38 6,600 1,392 647; 814 1,463 

Otago .| 1,442 | 182.46 | 61.60 [57.28 |85.72 |215.07|| $58,382 | $12,320) $5,728) $7,198) $12,909 


Grand Totals, per 24 Hours: Weight, 602.13 Tons; Value, $96,537. Per Year: Weight, 219,777 Tons; Value, 
$35,236,005. 








*In making out this table, account has been taken of the greater dilution, 149 gallons per capita instead of 125 
gallons, asin 1910. Quantities per million gallons are therefore taken as 125-150 of the same values for 1910. 





Any process which is to become effective for the utilization of sewage must comply 
with the sanitary requirements which may reasonably be prescribed and, in doing so, 
must answer to a number of demands which are seldom made in the conduct of a suc- 
cessful business enterprise. Prominent among these requirements is the necessity for 
utilizing the sewage as it comes to the works in spite of the variations in volume and in 
composition which occur. This variation is reduced to a minimum where the works 
are located at a long distance from the point of origin of the sewage and where the 
sewage is a mixture from various sections of the city. Both the long distance traveled 
and the mixing are likely to serve usefully in counteracting such changes in composi- 
tion as always occur when the sewage is derived from small areas. 

If the works are to utilize all the sewage, it is necessary that they shall be elastic 
in capacity in order to accommodate themselves to the variations in flow. If the 
process of utilization is mechanical or chemical in character, the necessary elasticity 
may often be readily secured, but where the process involves biological action as, for 
example, application to land, serious embarrassment from the fluctuations may result. 

From the composition of sewage, it is evident that of all the constituents nor- 
mally present, the water and those substances which may be of value to growing 
plants are likely to be the most useful. The mineral part of the suspended matter, 
like the forms of life which are present, is only incidental and of no advantage theoret- 


ically or practically. Among the useful ingredients, the water is in some cases the 
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most valuable material which sewage contains, but this value exists only in those situ- 
ations where the land needs water. 

Among the plant foods which sewage contains, the nitrogen compounds are the 
most important. 

The recovery of grease, except where the sewage is known to be particularly rich 
in this ingredient, is not regarded as an economical procedure. 

Aside from the application of sewage to farm land, the idea of utilization carries 
with it the necessity of extracting the useful ingredients in the form of sludge and re- 
solving this into a form in which the solids can conveniently be stored and trans- 
ported. The presence of the water, overwhelming in volume and resistant by reason 
of its molecular combination with the fine gelatinous particles of suspended matter, is 


a problem of peculiar difficulty. 


THE NITROGEN PROBLEM 


_ IMPORTANCE OF NITROGEN 


The fundamental theory upon which attempts have been made to utilize the 
manurial ingredients of sewage has been based upon the belief that the nitrogen was 
worth saving. 

Nitrogen is one of the most important elements entering into the food of men and 
animals. It is a valuable constituent of plant foods and enters largely into the com- 
position of meat. It is thrown off by animals with their excrement and is to some 
extent returned to the soil from which it is derived. 

The term nitrogen specifies nitre-producer and was suggested by the fact that 
nitrogen is an ingredient of saltpeter which is known among chemists as potassium 
nitrate. Saltpeter has been employed in various ways for many centuries. It occurs 
as an efflorescence upon the earth as a result of the oxidation of organic nitrogenous 
matter in the presence of potash in the soil. It is occasionally found in the neighbor- 
hood of villages, more especially in hot climates, where urine and other readily pu- 


trescible organic matters rich in nitrogen exist. 


CONSUMPTION OF NITROGEN COMPOUNDS IN AGRICULTURE AND IN THE ARTS 


The commercial demand for nitrogen compounds arises chiefly from the require- 
ments of agriculture and certain chemical industries. Some idea of the extent of this 
demand may be obtained from the fact that the United States sends annually abroad 
over $32,000,000 for the purchase of nitrogen in various combinations. The principal 


demand is for the manufacture of fertilizers. Coal-tar dyes to the value of over 
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$6,000,000 are annually imported into the United States. In addition, indigo in value 
exceeding $1,000,000 is brought into this country, and nitrogen, for the preparation 
of explosives, is imported to an extent exceeding $1,000,000. In the year 1910, the 
imports of crude nitrogen compounds into the United States for various purposes 


were approximately as shown in Table LI. 


TABLE LI 


VALUE OF CRUDE NITROGEN COMPOUNDS IMPORTED INTO THE UNITED STATES IN 1910 


Sodium nitrate. os s0%)..54 4 swe os sais ad oon deel eN en ene gt Sate $16,548,000 
Ammonium. salts .3 05 5.455 20 5.6 dots ena stepmtentejess Went eis eee eee 3,771,000 
GUANO, 05.4 eg 6 plas Siw arate b Goal no ble oe be tavernas igh > Sheree SI ate Sunt te ne 820,000 
Anilin oiland ‘salts: 20005 Jo...) « cisvs a ooiave tein ti aloe ae ene a bneere ane eee 715,000 
Coal-tar dy@e. 0. etc ok cath vite ae Bae a oles He gale aT eee eee cet on eee 6,016,000 
Coal-tar derivatives ./is- 255 foubila ccatetoe + 5 ne tgs See ete ane oe ee 800,000 
Eixplosivesiie soos S55 pad wie a ale, We eae aotearoa 1,003,000 
1 his 60-25 EPR eR RR IMeh Bat eR Oh aun tycne 1,224,000 
Potassium, nitrates. o.Fi05% yon sus te aseeuria ar ee een Ee ee 791,000 
Miscellaneous: )s 62 25556 bas a ioanisaierosctosates alaleveie 9 lendete Mine ates Geman tein ete ene 696,000 

Totals isc sta eb h bse owias Fo alae 6 Ge Le Ree LCS er eee $32,384,000 


In addition to the foregoing, large quantities of fertilizers are employed in the 
form of natural manures. Manufactories have recently been erected for the synthetic 
production of nitrogen compounds and the products of these should be included in 
estimating the total consumption of fertilizing materials. Finally, in every large city 
there are places where bones, slaughter-house wastes and offal are rendered into fer- 


tilizing materials and the aggregate of their product is not to be neglected. 


MAIN SOURCES OF THE NITROGEN COMPOUNDS 


Most of the nitrogen compounds which are used aS manure are derived from cer- 
tain natural supplies of fixed nitrogen, of which Chili saltpeter is an example, and the 
fixation of nitrogen from the unlimited supplies of this gas which exist in the 


atmosphere. 


NATURAL SOURCES 


Chili Saltpeter. The most important single source of combined nitrogen in the 
world at the present time is the deposit of sodium nitrate which exists in Chili. These 
deposits are believed to have been formed by the decomposition of seaweed and 
marine refuse through favorable conditions of temperature and the activity of nitrifying 
bacteria. 

Saltpeter. Potassium nitrate, or saltpeter, is produced when Grate matter, 
such as urine or excrement, decays through the action of bacteria in the presence of 


potassium carbonate. It has often been an important source of one of the chief in- 
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gredients of gunpowder at times of warfare and up to about one hundred years ago 
was practically the only source of combined nitrogen available. About 20,000 tons are 
produced in India, the cost being about $75 per ton. 

The natural occurrence of potassium nitrate and its continued formation in cer- 
tain regions of the world is so slight as to constitute no serious factor in business, 
but the conditions which are most favorable for the production of these nitrates are 
worth considering from the standpoint of sewage utilization. There are said to be 
needed (a) porous earth which will allow easy access of air and water; (b) moisture 
sufficient to prevent dryness; (c) an abundant supply of decaying organic matter rich 
in nitrogen; (d) temperatures ranging from 5 to 55 degrees C. with 37 degrees as the 
most favorable and (e) weak alkalinity of the soil due to the presence of carbonates, 
potassium, calcium or magnesium. 

Guano. Guano is a nitrogenous organic compound which occurs in large natural 
deposits and is highly valued as a fertilizer. Its value lies not alone in the fact that 
it contains combined nitrogen, but it possesses a useful amount of phosphoric acid 
which is one of the most important manurial ingredients. The chief sources of guano 
are the islands and coasts of tropical and semitropical America, Africa, Oceana, 
Patagonia and Labrador, and it is said that an island off the Mexican coast, contain- 
ing a deposit of about 10,000,000 tons, is being operated by an American company. 


Deposits of guano are made up of the excrement of birds. 


Coal. The largest natural supplies of combined nitrogen which exist are con- 
tained in deposits of coal. Anthracite coal contains from 1% to 1 per cent. of nitrogen, 
bituminous coal 14 to 114 per cent. and brown coal from 1 to 2 per cent. Most of the 
nitrogen which is contained in coal can be recovered by dry distillation, as in the 
manufacture of gas, a part being given off as ammonia and another as free nitrogen. 
If all of the 1,000,000,000 tons of coal annually produced were distilled before it was 
used as fuel, it would yield at least 50,000,000 tons of pure ammonium sulphate, which 
has a current market value of over $50.00 per ton. The amount of commercial am- 
monium sulphate actually secured from coal was about 1,100,000 tons in the year 1910. 

Peat and Silt. In addition to the stores in coal, large supplies of combined 
nitrogen exist in the vegetable matter which is undergoing slow decomposition in vari- 
ous parts of the world in the form of peat and silt. The world’s supply of peat is 
enormous and increasing. At present about 10,000,000 tons are used annually as fuel. 
Dried peat contains about 1 per cent. of nitrogen and it can be used for fuel in such a 
way that about three-quarters of this nitrogen can be recovered as ammonium sulphate. 

City Refuse. The vegetable and animal refuse of cities, aside from the sewage, is 


often rich in nitrogen and in some cases this nitrogen can be utilized. The waste of 
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sugar works and distilleries, slaughter houses, as well as of households and markets, 
contains compounds in which nitrogen exists in various combinations. Much of this 
nitrogenous refuse is either in a state of decomposition or ready to proceed upon that - 
course. The nitrogen is fixed, but beyond that fact and the circumstance that its com- 
plicated chemical combinations can be changed into useful forms, the refuse is of prac- 
tically no value in agriculture. Before extracting the serviceable ingredients of city 
refuse, it is necessary to pass it through some such process as dry distillation for the 


recovery of ammonium sulphate or putrefactive fermentation. 


ARTIFICIAL SOURCES 


The demand for nitrogen in chemical combinations suitable for use as fertilizer 
and in the arts has led to the invention of a number of processes for the recovery of 
nitrogen from the atmosphere and the transformation of this nitrogen into suitable 
compounds. 

All these processes require great heat and this is usually supplied by some form 
of electric flame. The opportunities for the electric recovery of nitrogen are best in 
those places where large amounts of electrical power can be obtained cheaply. Works 
on a large scale exist in Norway, Italy and in America. 

Mond Gas. It has been shown practically that a large amount of the nitrogen in 
coal can be recovered in the form of ammonia in the production of water gas. An 
essential feature of the process is the introduction of steam superheated to 150° C. 
into the generators. Fully one-half of the nitrogen present is obtained in the form of 
ammonia. A short ton of coal is said to yield an average of 6.6 pounds of ammonium 
sulphate. 

The Mond process has spread rapidly in England, where there are 60 plants using 
over a million tons of coal annually. Of these plants 15 are fit for the collection of 
ammonia. The yield of sulphate in 1909 was over 26,000 tons. Other plants are 


located in Germany. 


HUMAN EXCREMENT VERSUS OTHER FERTILIZERS 


The introduction of guano in the early part of the nineteenth century produced 
a decided change in the custom of agriculturalists in the use of locally produced 
manure. There was for the first time made available in concentrated form a fertiliz- 
ing material which was reasonably inexpensive, convenient to handle and capable with 
ordinary care of being preserved for a long period of time and transported with little 


difficulty and expense. 
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The appearance of guano in the market was followed by the introduction of other 
manures possessing equally valuable properties. At the present time the home-made 
manures of the farm can, in the average case, compare but poorly with the purchased 
product. It has been well said that farmyard manure of average quality is of so little 
value that it is not worth while to pay the transportation charges upon it except for a 


few miles from its point of origin. 


Had it not been for the introduction of guano and other concentrated fertilizers, 
it is doubtful whether the present methods of sewerage and disposal of city wastes 
would have found the common usage which they now enjoy. It would have been 
thought necessary to conserve the excrement of the human population of cities and 
towns instead of allowing it to go to waste, as has been prevalent in Northern Europe 
and America for the last sixty years. The fact that the excrement is removed by water 
and so little care taken to preserve it in form for agricultural use is in itself testi- 
mony that its value, as shown by the practical experience of agriculturalists, is not 
great. 

The excrement of carniverous animals, of which man forms an example, is con- 
ceded to have greater manurial value than that of the domestic animals whose diet con- 
sists exclusively of vegetable matter, larger quantities of nitrogen being contained in 


it, yet is not so valuable as commonly supposed. 


Factors INFLUENCING THE VALUE OF FERTILIZERS 


The conditions which determine the value of any fertilizer include not only the 
composition of the material but its stability on storage, its capacity for transportation, 
the convenience with which it can be employed and the competition in the way of 


price which it must meet from other fertilizers. 


In regard to composition, it is necessary that the fertilizer shall contain certain 
chemical compounds which are required by the growing plants. Along with the needed 
ingredients there must be no harmful properties. It is not sufficient that there are the 
chemical elements needed for plant growth. They must be present in suitable form for 
ready assimilation by the crops. It is not sufficient that a fertilizer shall contain a 
requisite amount of nitrogen. Many of the compounds of nitrogen are of little or no 
use and must either be converted into assimilable substances in the soil or they are 
wasted, so far as the fertilizer is concerned. 

One of the difficulties which must be overcome before human excrement can seri- 
ously compete with artificial fertilizers lies in the amount of water which fresh excre- 
ment contains. This water is in no wise useful. On the contrary, it adds to the bulk 


and weight of the material and favors decomposition changes which are likely either 
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to lead to the production of offensive odors or the escape of much of the valuable 
nitrogenous content. It is with difficulty that the water can be expelled. It may be 
driven off by heat, but this is expensive and may result in the evaporation of some of 
the useful properties. The water can be withdrawn by means of absorbing agents, 
such as dry earth or chalk, but such desiccators are in themselves weighty and can- 
not readily be separated from the excrement. These remarks refer particularly to 
fecal matter. Urine, when considered from the standpoint of the quantity produced 
per capita per day, contains much more fertilizing material than fecal matter but is 
more difficult to deal with. 


Stability on Storage. From what has been said under the last heading, it will be 
evident that there are serious difficulties in the way of storing excrement without im- 
pairing its manurial value and in any scheme of utilization, storage for considerable 
periods of time must play an important part. 

The needs of vegetation require that fertilizer shall be applied only at certain 
seasons; during the rest of the time, it must be stored in a situation from which it 
can be transported to the fields without great cost, inconvenience or loss. Unless 
dried or preserved in hermetically-sealed containers, the loss by evaporation on storage 
may be considerable. 


Transportation. No fertilizer can be profitably used unless the charges which 
have to be incurred for transporting it from its source to its destination are reason- 
able. The cost of transportation has probably operated more to prevent the utiliza- 
tion of excrement than any other one thing. 

Various ingenious devices have been invented to transport excrement from its 
points of origin to its points of utilization. The dry conservancy system has had con- 
siderable popularity in England. The tinnettes of France and Belgium and the 
vacuum sewerage system of Liernur are the best practicable measures which have been 
employed for the transportation of excrement without water up to the present time. 

No system has proved so effective as water carriage. As applied to cities, the 
advantages of water carriage are so obvious that municipalities are content to spend 
large sums to obtain the water which is necessary in order that modern sewerage 
systems can be employed. 

The water carriage of excrement introduces a serious difficulty into the problem 
of utilizing human excrement. It is capable of facilitating the distribution of the 
fertilizing material upon land, but it adds immensely to the obstacles with which the 
useful ingredients may be extracted and concentrated in a form which is suitable for 
storage or long-distance transportation. 


Convenience. It cannot be too strongly emphasized that convenience plays a lead- 
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ing part in determining the value of a fertilizer. It is convenience which requires 
that the fertilizer be of suitable composition and capable of storage and transporta- 
tion. Convenience demands that the material which is used shall be in a form which 
can readily be distributed over the fields or in furrows, as the requirements of the 
crops demand. If too bulky and heavy, an excessive amount of labor will be required. 

Competition with Artificial Fertilizers. In the last analysis the value of human 
excrement as a fertilizer will be found to depend upon the cost of other fertilizers 


which are capable of answering the same purpose. 


Most DESIRABLE CONSTITUENTS OF FERTILIZERS 


The chemical analysis of plants shows of what they are composed and furnishes a 
key to the food which should be supplied to them. 

The most important ingredient from the standpoint of weight is water, a fact 
which is of considerable interest from the standpoint of utilizing sewage. Crops such 
as are likely to be grown with the aid of excrement contain from 30 to 70 or even 80 
per cent. of water, depending largely upon their physical constitution. Turnips and 
mangolds which are extensively grown on sewage farms in England contain so much 
water that the solid dry material in one ton scarcely weighs more than an average man. 

The water of plants is almost exclusively derived from the soil. It is absorbed by 
the roots, a fact which should be kept in mind in sewage farming, since a frequent sub- 
mergence of the leaves of some vegetables seriously injures them. 

An essential element in the composition of vegetable matter is carbon. So uni- 
versal is this element in the complex structure of living things that the science of 
organic chemistry has been described as the chemistry of the carbon compounds. 

From the soil are obtained potash, lime, iron, silica and various other elements 
which are required in lesser degree. The important ingredient, nitrogen, upon the 
supply of which the vigor and abundance of growth so largely depends, is obtained by 
most plants from soluble compounds in the soil. In certain cases, as clover and other 
leguminous plants, nitrogen is absorbed from the atmosphere contained in the pores of 
the soil, certain forms of bacteria playing an important part in preparing the nitrogen 
for assimilation. 

Function of the Soil. The soil serves two principal uses in agriculture. It affords 
a suitable standard of support in which the plants can establish a footing and it acts 
as a laboratory and reservoir for the preparation and storage of such chemical sub- 
stances as the plants require for growth. } 

Practically all the food of plants can be assimilated only from dilute solutions. 
When fertilizers of any kind are applied to a field, they must first be dissolved by 
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water before they can be appropriated by vegetation. Fertilizers differ largely in re- 
spect to solubility and this fact requires to be taken into consideration in determining 
at what season of the year the fertilizing material is to be employed. Farmyard 
manure which has to decompose and be resolved slowly into liquid form is usually 
applied in the autumn, whereas the ammonia and nitric acid compounds, if applied so 
long in advance of the requirements, are likely to leach away before they can be used. 
With sewage there is no choice as to the time of application. It must be employed 


when produced or not at all. 


The Most Needed Compounds. The three most important ingredients of fertilizers 
are nitrogen, phosphoric acid and potash. In commercial fertilizers, the nitrogen is 
usually present in the form of ammonia or, as sold in the market, sulphate of ammonia. 
The nitric acid is most often sold in the form of nitrate of soda. Seventeen parts of 
ammonia or 66 parts of pure sulphate of ammonia contain 14 parts of nitrogen. 

Phosphoric acid is derived from materials. called phosphates, in which it may 
exist in combination with lime, iron or alumina. Phosphate of lime is the form most 
largely used. Phosphoric acid occurs in fertilizers in three forms: (1) That which is 
soluble in water and is readily taken up by plants; (2) that which is slightly soluble 
in water, but still readily assimilated by plants and is sometimes known as “reverted” ; 
and (3) that which is very sparingly soluble in water and is consequently slowly used 
by plants. A fourth form, sometimes called odorless phosphate, is practically insoluble 
in water, but dissolves in the presence of certain salts or plant acids and, therefore, 
becomes useful as a ready source of phosphoric acid when applied to the soil. This and 
the soluble and reverted types are known as available phosphoric acid. | 

Organic phosphates are contained in bone, which is now the only one of the so-called 
insoluble phosphates that is not largely used without other change, and it is prepared 
by mechanical action such as grinding. Other phosphates from bone, such as bone- 
black, bone ash, etc., are little used. 

The term tankage is applied to the dried and ground animal wastes of abattoirs 
and packing establishments. The material is thus designated because it is the residual 
product after the waste portions of the carcass are steamed under pressure in large 
tanks for the extraction of the fatty substances. 

The mineral phosphates differ from so-called organic phosphates in that they con- 
tain no organic or animal matter and are more compact. They are extensively derived 
from river and land phosphate beds in South Carolina, Florida and Tennessee and 
phosphatic slag which is a waste product from the manufacture of steel, from certain 
iron ores. All except the slag are treated with acid before use. 

Super-phosphates or soluble phosphates are derived from the insoluble materials 
by grinding them to a powder and mixing them with sulphuric acid. The term super- 
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phosphate is applied to any material containing soluble phosphoric acid as its chief 
constituent. 

Potash exists chiefly as chlorides or muriates and as sulphates. The form does 
not exert so great an influence upon the availability of the potash as in the case of 
nitrogen and phosphoric acid. All forms used in the fertilizer industry are freely 
soluble in water and are believed to be nearly, if not quite equally, available as plant 
food. 

The chief sources of potash salts are the potash mines of North Germany. Kainit 
and sylvinit are crude products of the mines. The mine products may be used in crude 
condition, or, after chemical treatment, in the form of various salts. 

Potash salts are used to best advantage on light, sandy humus and calcareous soils. 

Standard materials in the fertilizer industry are those which do not show a wide 
variation in composition and in which the constituents are practically uniform in ac- 
tion. Nitrate of soda, sulphate of ammonia, dried blood and super-phosphates and 
potash salts are all standard products, as they can be depended upon both as to pro- 
duct and the form of their constituents. Ground bone, .on: the other hand, is non- 
standard, because it is variable in composition and in the availability of its nitrogen 
and phosphorie acid. | 

The agricultural value of a plant food is not a fixed quantity. It varies according 
to the availability of the constituents, as well as upon the value of the crop. It should 
be based upon the crop increase which its use produces. 

The agricultural value should not be confused with the commercial value or cost 
of the fertilizer in the market. The latter is determined by market and trade condi- 
tions, as the cost of the crude materials and the methods of their subsequent treatment. 
The commercial value does not necessarily bear a direct relation to the agricultural 
value. 

The computation of the commercial value of complete -fertilizers is illustrated in 
the following table. 

TABLE LII 








METHODS OF COMPUTING VALUES OF COMPLETE FERTILIZERS 


Value Value of 
: Pounds Pounds . 
Constituent er Pound of Constituent per 
per Hundred | per Ton ecpattient Ton of Fertilizer 
Nitrogen: Cents 
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Phosphoric acid: 
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Potash: 
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RTO UE SER o celta S ADRs eve ch cided lotaes BRR 5 100 5.0 5..00 





360 DATA RELATING TO THE PROTECTION OF THE HARBOR 


The first figure column shows the per cent. (pounds per hundred) of the constit- 
uents contained in the fertilizer; the per cent. multiplied by 20 gives the pounds per 
ton in the second column; the figures in the latter, multiplied by the schedule prices 
per pound in the third column, give the valuation per ton, as shown in the fourth 
column. 

The direct value of a fertilizer is determined by the percentage of nitrogen, phos- 
phoric acid or potash which it contains, hence the buying of a fertilizer is virtually the 
buying of one or more of these constituents. The more concentrated the material, the 
less will be the proportionate expense of handling it. As arule, farmers are inclined to 
purchase fertilizers on the ton basis without regard to the amount or form of the con- 
stituents contained in them. 

High grade mixtures cannot be made from low grade materials. The following 
table illustrates the methods by which brands of fertilizers may be made up. 





TABLE LIII 
FORMULA FOR MAKING FERTILIZER 
Pounds Pounds Per Cent. 
Nitrate of sodas. [0.5 02 iee ks one eae 500, furnishing nitrogen........... 80, or~ 4 
Boneblack’ super-phosphate... 1,100, furnishing phosphoric acid.... 180, or 9 
Muriate of potash............ 400, furnishing potash............ 200, or 10 
TOtaly 7 create ecard y bias o eeeatere 2,000, furnishing total plant food.... 460 


This formula shows a high grade product both as to quality of plant food and con- 
centration. 

The charges of manufacturers and dealers for mixing, bagging, shipping and other 
expenses are said to be on an average about $7 per ton, and the average actual fertiliz- 
ing constituents per ton are said to weigh about 300 pounds. 

The foregoing remarks upon commercial fertilizing materials are based upon 
Farmers’ Bulletin No. 44, by Edward B. Voorhees, U. S. Department of Agriculture. 


THE COMPOSITION OF HUMAN EXCREMENT 

The composition of excrement as collected by city scavengers depends greatly 
upon the methods of collection, the presence or absence of other materials and the cir- 
cumstances under which the excrement has been kept until the time of collection. 
Leaching and fermentation are capable of materially changing the fertilizing value 
of the mass. 

Analyses of Feces and Urine. In a general way it may be said that solid human 
excreta as they leave the body contain about one-fourth of their weight of dry matter 
and three-fourths water. The dry matter contains about 114 per cent. of nitrogen 
and 1 per cent. of phosphoric acid, 


of Peruvian guano. 
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According to Professor Way, formerly consulting chemist of the Royal Agricul- 
tural Society of England, human feces contain the ingredients shown in Table LIV. 


TABLE LIV 


COMPOSITION OF HUMAN FECES 


eeeeeee sees eres reresreeeereesens 


ea Beall aie ch lpi sche ike icc sa 
LE OSES SORT eae 
MME BCI oa o 6 visio is oceeh ts ote ce: 
Eotadh Pal a col ae avin in nstge ocd als caw tit 


se eee ee eee eee eer eeereeseereeeeevers 


D100 (ee sve ee jolelelers 0 6 Me a. 6 @ 


If Dried Without 


In Fresh Condition Loss of Fertilizing 


Properties 

15:00 Upeue Peta ee ce % 
22.13 88 .52 
sod 1.48 
13 .54 
.43 1.72 
.38 1.55 
1.07 4,27 
.06 24 
.30 1.19 
.08 31 
.05 18 

—#§— 100% ——100% 


Containing nitrogen 1.50 Containing nitrogen 6.00 
pa ieidiceshy to ammonia equivalent to ammonia 


If perfectly dry, 2 tons of solid human excreta are worth about as much as 1 ton 


The urine is more valuable on account of its urea. 


Urine con- 


tains nearly 50 per cent. of nitrogen and a considerable amount of phosphoric acid. 


LV. 


According to Professor Way, the solid ingredients of urine are as shown in Table 


TABLE LV 


COMPOSITION OF HUMAN URINE 


Organic matter................ 
Insoluble material.............. 
PUERCO ALON (20.52 cla cin'c wn ob ole a> 


IAB ENNORR oo rie aussie gs pakadislare’* 
Phosphoric acid...............: 
Sulphuric acid....:......0..55> 


Potash 


ey 


eae ee esos eee 


coe eee sees eee oreo en seeeererereeeereeeeee 


Chloride of potash............. 
Chloride of sodium............. 


eee eee oe eee 


CR ert Wk CW de tae 


67 .54% 


eee reer eeoee 


——100% 


Containing nitrogen 19.43 
equivalent to ammonia 23.60 


Notwithstanding the large proportion of water, the solid matter voided in urine 


in a day is just about one-third greater than the amount of dry matter in the daily 


solid evacuations. 


by the decomposition of human excreta is furnished by the urine. 


pound of feces and 3 pounds of urine. 
of dry matter or nearly 23 pounds per annum. 


Five-sixths of the ammonia which is capable of being generated 


Professor Way found that one adult voids in 24 hours about one-fourth of a 


Hence, in 4 ounces of feces there is 1 ounce 


In 3 pounds of urine there is 144 


ounce of dry matter or nearly 34 pounds per annum. The ammonia from the 23 
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| pounds of feces amounts to 1.60 pound and from the 34 pounds of urine 8.12 pounds, 
or a total amount of 9.72 pounds of ammonia per year. 

Each adult furnishes about 54 pounds of phosphates per year. Briefly, 56 pounds 
of dry matter is produced per year, containing 10 pounds of ammonia and 514 pounds 
of phosphoric acid. Allowing 16 cents per pound for the ammonia and 5 cents per 
pound for the phosphates and 1 cent per pound for the remaining constituents, gives a 


total value for the excreta per capita per year of $2.27. 


PRACTICAL ATTEMPTS TO UTILIZE SEWAGE 


In China, Japan, Belgium, France, Italy and Spain, and in some parts of England 
there appears to be little or no objection caused by storing, transporting and manip- 
ulating human excrement, but in America the case is different. These practices are 
felt to destroy the self-respect of those persons who are engaged in them. Those whose 
business it is to clean privies and cesspools are generally regarded with aversion. 
They often carry on their work at night and not infrequently with an appearance of 
secrecy. Nominally under the jurisdiction of boards of health, the business of privy 
' cleaning is too often conducted with little more regard for honesty and efficiency 
than the shrewd judgment of the scavengers and the absence of oversight deems neces- 
sary. The work is done with little or no regulation as to expense and seldom, if 
ever, until absolutely required. 

Such manurial value as the contents of the privies and cesspools possess is usu- 
ally lost in America, the custom being for the scavengers to dump the material into 


some convenient out-of-the-way spot without any other idea than to get rid of it. 


It is probable that the contents of American privies are usually of inferior worth, 
since most of the valuable liquid material leaches away in the vault and there is cus- 
tomarily a considerable amount of ashes and other refuse intermixed with the useful 
matters. Furthermore, owing to the infrequency with which the receptacles are 
cleaned, fermentation has usually occurred with the result that much of the more 
useful manurial property has been converted into ammonia and nitrogen gas and lost 
into the atmosphere. 

According to European experience, night soil is a relatively concentrated manure 
and is generally applied to the land in diluted form. It is often mixed with other 
kinds of manure and so serves to reinforce the nitrogen of the latter or, it may be 
diluted with from two to six times its bulk of water and so applied. Sometimes it is 
dried and applied as powder, as was once done in Paris and other cities. Occasion- 
ally it is mixed with assorted refuse collected from the streets and houses and com- 
posted, as in Holland. 
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Before the general employment of water to carry away the excrement of cities, 
many attempts were made to chemically treat night soil, either collected in com- 
bined condition or the feces and urine separately, in order to recover the useful fer- 
tilizing ingredients, and various processes of evaporation were employed to get rid of 
the liquid matters and recover the solids in relatively concentrated condition. Among 
these processes is that known as Taffoe. This was prepared by kneading excrement 


and loam together, moulding the mass into bricks and drying the latter in air. 


Another process mixed excrement with magnesium sulphate and sulphate of iron 
with a little tar and potash and evaporated the clarified liquid by permitting it to 
trickle over fagots held upon a frame, as is done at some places to recover salt from 
brine. The solid matters which collected upon the fagots were broken up and sold. 

One inventor proposed to treat fresh excrement with smoke in order to prevent it 
from putrefying, then dry it partly with artificial aid and partly with absorbents and 
finally mould the material into bricks which would be dried in air and finally crushed 
to powder. 


A compound known as urate was prepared in England by adding gypsum to urine 
and drying the precipitate produced. 

Sulphate of urine was made by adding enough sulphuric acid to stale urine to 
neutralize the ammonia and then evaporating the liquid to dryness. 

Bolton and Wanklyn proposed to drive off the ammonia from urine by heat and 
absorb it by means of sulphate of lime, thus producing sulphate of ammonia. It was 
once believed by chemists that both ammonia and phosphoric acid might be precip- 
itated from urine by means of a magnesium salt and experiments were made to this 
end. | 

Many processes have been employed for the treatment of excrement by lime, chiefly 
as a preservative until the material could be transported to fields where it was to be 
employed. 

One of the most successful chemical processes for the treatment of night soil is 
the preparation of sulphate of ammonia, as practiced in Amsterdam. The principle 
is to add lime to the excrement and by this means and through heat drive off the 
ammonia which is subsequently absorbed by sulphuric acid with the ultimate pro- 
duction of a clean, white, inoffensive salt, sulphate of ammonia. 

Among the best known fertilizers produced from sewage in England during the 
period when the manurial value of sewage was considered most worthy of being con- 
served was the product called native guano produced by the A BO process. <A de- 
scription of this process is illustrative of many. 


The A B C process received skilful and adequate attention from the consulting 
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chemist of the Royal Agricultural Society of England at a time when the product 
was widely advertised and offered for sale at $25 per ton at any railway station in 
England or Wales. The report of the chemist, A. Voelcker, F.R.S., was published in 
the journal of the society, Volume VI, 2nd Series, page 415. 

The claim of the company was that it ,could extract a valuable, dry, artificial 


“ae 


manure from liquid sewage and render the sewage as clear as water and sufficiently 
pure to be discharged into a river or water course without causing any nuisance. The 
principle was to add a precipitating reagent to the sewage and dry the resulting 
deposits. The reagents consisted of alum, blood, clay, magnesia, manganate of 
potash, burnt clay, chloride of sodium, animal charcoal, vegetable charcoal and mag- 
nesium limestone. The proportions in which these ingredients were to be added 
varied according to the particular sewage to be treated. The resulting deposit was 
dried in centrifugal machines which caused a reduction of about 50 per cent. of the 
contained water. The material was then spread out in thin layers to the sun and on 
becoming sufficiently dry was bagged and sent out. 

Because of his official position as chemist to the Agricultural Society, Voelcker re- 
ceived a number of samples of native guano, as the A B C product was called. He found 
that about seven-eighths of the useful fertilizing value of the sewage escaped in the 
dissolved matter and one-eighth only remained in the solids in suspension. The worth | 
of the product was greatly exaggerated. The value varied widely. The minimum for 
the samples sent to him was about $3.62 and the maximum $8.11 per ton. To use 
Voelcker’s language: “At these prices all the really valuable fertilizing constituents 
in a ton of this manure may be purchased in a concentrated form and be easily car- 
ried by a lad on the field in a very small bag.” He considered it better to compare the 
material with ordinary farmyard manure than to regard it as a compound of high fer- 
tilizing value. Four of the samples of native guano examined were practically worth- 
less if carted 10 miles from the place where they were manufactured. 

Poudrette. The process of drying night soil in order that it may be transported 
and used for fertilizer was at one time carried on in a suburb of Paris on a large scale 
and in New York and many other cities. The product was known as poudrette. At 
Paris some old quarries supplied the site where the material was prepared. A number 
of the excavations were used as settling basins, the liquid portion running off and the 
solid matters remaining behind. When a large accumulation of solids had collected, 
they were removed to nearby fields and spread out upon the land to dry, the process of 
drying being facilitated by occasional harrowing. | 

The final result was a dry, inoffensive powder which seems not really to have had 
great fertilizing value, but was so convenient to use and appeared to contain so much 
of value that the production of poudrette became an extensive undertaking. 
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It would appear that changes took place in the settling basins which were more 
than mere sedimentation and less than complete septicization. The odors produced are 
said to have been exceptionally offensive, from which it may be inferred that fermen- 
tation was the predominant microbic action and from which it would appear that 
much of the nitrogen was escaping to the atmosphere in the form of ammonia. 

The following analysis of the poudrette produced at Montfaucon, a suburb of 
Paris, as well as at works at New York, Hartford, Dresden and Cologne, show the ap- 
proximate value of the product. The ingredients varied considerably at different 


times and among the works in the different cities. 


TABLE LVI 


COMPOSITION OF POUDRETTE FROM VARIOUS SOURCES 


Organic | Total 
Water Matter | Nitrogen 


——— | |. | | 


: Nitric | Phosphoric] 7 - 
Ammonia Aci id Lime 


Montfaucon: 
Boussingault and Payen............... 1.41 1.56 
ASP ROTI ie Shae a We «adie 6 ashe Stare ote 1.90 
HOUbeIPANGCISAT) silo. ss cena c eke ekas oh 28-32 29 .00 1.78 0.73 3.73 
PeOUOH 1418) 02h Ghia Pwewek cay eee’ 30.20 32.81 1.52 0.59 0.30 4.18 6.70 
N. Y. City, Lodi Mfg. Co. (reported by oa ie ee nee 1.06 1.05 
SMV ERIONNSON) alas sone tenon akc llds 25 62 14.80 | 0.95 
Hartford, Conn. (S. W. Johnson)......... 39.97 20.57 1.01 0.87 
Dresden: 
TIS): STIR a ng rae a ea 19.50 20.80 2.10 2.50 2.70 
CSCHOVEN) seperate toate as tee acetnnitoes » 18.42 11.25 1.34 
GESTOLSCHTICICED ts seshatie ores bisars ce a be ee 15.91 35.12 1.68 2.75 
2.01 3.01 


GOlogne (Grouven) bi. cos chsh. cle 12.80 36.20 


Compost. By composting is meant the systematic mixing together of various fer- 
mentable waste substances in a heap and permitting a sufficient interval of time to 
pass for the fermentation of the mass. Composting is a common practice in German 
and Dutch cities and in view of the value of the product obtained, the ease of prepar- 
ation and the completeness with which all necessary sanitary requirements are com- 
plied with, it is surprising that more use has not been made of this principle elsewhere. 

It is true that composting is widely practiced in America, but it is employed for 
another purpose. I‘armyard manure which is allowed to rot is composted. But the 
method which is generally employed in the United States is wasteful in the extreme 
and is usually carried on with a poor idea of the underlying principles upon which 
the best results may be procured. 

The city composts which are prepared on the continent of Europe are generally 
mixtures of street sweepings, garbage and other refuse with some excrement and 


enough moisture to insure satisfactory fermentation. In the central depot for the 
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disposal of the city wastes of Amsterdam, the compost heaps are arranged in an orderly 
manner, provided with suitable drainage and built up and removed with a degree of 


skill which is the result of long experience. 


UTILIZATION THROUGH FARMING 


The English, who were among the first to apply sewage to land, first with the object 
of disposing of the sewage and second with the intention of gaining a profit from the 
utilization of the manurial ingredients, divided the methods of application into three 
classes according to (a) the presence or (b) the absence of underdrainage and (c) 
combination with chemical or other preliminary treatment. 

The oldest method, called broad irrigation, does not employ underdrainage. Its 
efficiency depends upon the purifying action which takes place near the surface of 
the soil. In preparing the land, shallow ditches are dug approximately following the 
contours of the ground and tending toward slightly lower places where that part of 
the sewage which does not soak into the soil at first may be collected. 

Irrigation was practiced in Europe prior to the year 1400, but the earliest use of 
sewage in this way was at Bunzau, Prussia, in 1559, where about 35 acres of privately 
owned land were irrigated for over 300 years. The Craigentinny Meadows, near 
Edinburg, have received sewage for some 200 years. Between 1860 and 1880 the de- 
velopment of sewage farming in England was rapid. On the continent, Paris adopted 
this method in 1865, Dantzic in 1869 and Berlin in 1876. By 1883 there were over 200 
sewage farms in Great Britain. 

In 1868 a Royal Commission announced that: “Irrigation is the only process of 
cleansing sewage which has stood the test of experience.” But from that time it was 
gradually displaced by chemical precipitation processes. 

In the United States there were, in 1910, about 103 small plants employing sand 
filtration, a few of which cultivated crops incidentally. Many of these were in Massa- 
chusetts, where cropping is becoming less frequent. Aside from these, there were in 


the year mentioned the following towns employing broad irrigation: 


ATIZ00B 05 ide atures debate Tucson Massachusetts........... North Brookfield 

Canlornitio ctoeee. ee ak Fresno Stockbridge 
Hanford Michigan 7. fae ein ses Caro 
Pleasanton St. Johns 
Riverside Montana... section vale a Red Lodge 
Imperial Helena 

Kansas, ii.'5: ce oe Hiawatha New Jersey .ifcie.s. hi. fos Pemberton 
Holton Princeton 
Humbolt Ohio ae cs ee Fostoria 

Massachusetts........... Leicester Pennsylvania............ Altoona 
Lenox 
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ProPER SOILS FOR SEWAGE 


A great deal of discussion has taken place during the last fifty years concerning 
sewage farming, especially with respect to certain details. The result has been to 
show that no rules can safely be laid down which are strictly applicable to all soils 
and all situations. 

Soils differ in their capacity for absorbing sewage according to their physical and 
chemical composition as well as to the biological processes which they can readily 


support. 


Before estimating closely upon the capacity of farm land for sewage, it is desir- 
able that mechanical, chemical and biological analyses of it should be made. 

The composition of the soils of sewage farms may be materially altered by the 
improper application of sewage. Crude sewage is capable of depositing a layer of 
black, decomposing material upon the surface which clogs the openings between the 
soil particles and prevents further absorption of sewage and of the oxygen necessary for 
nitrification. Land thus heavily coated with sewage deposits often produces serious 
nuisance from odor and if the application of sewage is continued, the soil becomes use- 
less. Land in this condition is said to be “sewage sick.” Where large quantities of 
sewage are being applied to land, it is usually necessary to open up the soil by plow- 
ing. On some sewage farms a large amount of hand labor is required. 

The best soil for a sewage farm is of light, porous consistency overlying gravel. 
The level of the ground water should be rather low; low enough to permit the fields 
to be well underdrained. There should be water courses nearby of sufficient size to 
carry off, without harmful consequences, such excess of sewage as it may from time 
to time be necessary temporarily to discharge without thorough purification. The 
land should be inexpensive and of great enough extent to permit the sewage to be ap- 
plied without excessive dosing. It is an advantage when the farms are remote from 
villages and other thickly inhabited areas. There should be a ready market for the 
produce yielded by the farm. 

Unfortunately, the land within easy reach of great cities is usually divided into 
relatively small plots and held by many owners. It is rather costly and any odors 
produced upon it are likely to cause a nuisance to many persons. Every great city 
is, in fact, surrounded by villages and towns and the opportunities for sewage dis- 
_ posal by application to farm land are likely to be in reverse proportion to their need. 
It is usually necessary to go a long distance from the center of a large city to find 


a district which is sufficiently rural to possess ideal conditions for sewage disposal. 
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CAPACITY OF FARM LAND 
The quantity of sewage which can be applied to farm land depends upon so many 
factors that no exact rule can be applied to it. 
Table LVII, taken from the Fifth Report of the Royal Commission on Sewage Dis- 


posal, gives in concise form the quantity of sewage which may properly be applied to 
one acre of land. 


TABLE LVII 


QUANTITY OF SEWAGE WHICH May BE APPLIED TO LAND 


Imperial Gallons Acres per Million 
Conditions Settled Sewage Imperial Gallons 


per Acre Daily Dry Weather Flow 
Good soil and subsoil; 


Filtration with cropping.................0.005 12,000 84 

Filtration with little cropping................. 25,000 40 

Surface irrigation with cropping............... 7,000 145 
Heavy soil overlying clay: 

Surface irrigation with cropping.............:. 5,000 200 
Stiff clayey soil overlying dense clay: 

Surface irrigation with cropping............... 3,000 334 


Moore and Silcock in their work on Sanitary Engineering (1909) give the approx- 
imate volumes and populations that can be taken care of by an acre of different soils 
and with crude and settled sewage, as shown in Table LVIII. | 


TABLE LVIII 


ALLOWANCE OF LAND FOR SEWAGE TREATMENT 





Crude Sewage Settled Sewage 


Tmperial | Population | Imperial | Population 


I | eee | SE | Se | eS 


Light sandy loam on gravel and sand.................0.. 15,000 375 20,000 500 
Sandy loam on gravel and sand................eeceeeees 12,000 300 17,000 400 
Peaty soil on gravel.and sand /i.0).i5¢/e.0 200.1. okie ore 10,000 250 13,500 325 
Sand and gravel ie jae os nape ee in ke ore ene 8,000 200 10,000 250 
Gravelly loam on gravel and sand.................0e0005 6,000 150 8,000 200 
Loam: petting more Chyey win ues esc. vnc este cin eee 4,500 125 6,000 150 
Heavy load on marl Sees eee ee ans Me eters 3,000 75 5,000 130 
Clay soil off. claycsdear. scare emirates sister teatees ce ein eres 1,500 50 4,000 120 
Stiff clay soil ion:dense‘clay i.e ae se ee ee 1,000 33 3,000 100 


The figures in the foregoing table are based on an assumed daily flow of 40 
imperial gallons per capita. 

Rideal estimates that the sewage from 100 persons can be treated on an acre of 
loamy gravel and that the number may rise to 500 under rarely favorable circum- 
stances, while with stiff clay it falls to 25. The rates commonly used in England vary 


from 2,000 Imperial gallons per acre per day at Leamington and Wrexham to 15,000 
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gallons at Cheltenham. In Germany, “with, on the whole, better preparatory treat- 
ment and a more favorable soil, the rates in general use range from 2,000 gallons per 
acre per day at Brunswick to 7,000 at Danzig, and probably average about 4,000.” 

In the opinion of the Royal Commission on Sewage Disposal, quoted by Scoble in 
his book on Land Treatment of Sewage, the maximum limits of the rate of application 


to land by irrigation are as shown in Table LIX. 


TABLE LIX 


DATA RELATING TO ENGLISH SEWAGE FARMS 
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ao Bolougo 

ce [eee leee 

He | ate lsas 
Nature of Soil Method of os 3S S's] Observations 
and Subsoil Treatment Be. | ee eee (Condensed) 

be (Ces lass 
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Aldershot Camp.|Domestic.....|Sand............. Screening, settling,| 12014 Strong sewage, ef- 
land filtration... fluent fair. 
Altrincham .....|Domestic..... 35 Effluent would be 


good with some- 
what less volume. 

Effluents good but 
not in_ highest 
class. 

9,500 gals. per acre 
somewhat too 
high 


CC en 2 O02 SC 





Sandy loam _ onjScreening, settling,| 74 


Cambridge...... 
TAGE Rote tek gravel and sand..| land filtration... 









.|Gravelly loam over|Screening, part sur-| 420 
gravel and sand..| face irrigation fil- 


tration..W.G..0.. 


Croyden (Bed- |Domestic.... 


dington)...... 












































Leicester....... .|34 domestic, 14|Stiff clayey soil over|Screening, settling,| 1,350 Too large volume 
trade refuse.| dense clay...... surface irrigation for best results. 
and filtration... . 
South Norwood .|Domestic..... Clay soil on Lon-|Screening, settling,| 152 Too large volume 
don clay.......'. surface irrigation for best results. 
Nottingham...../4domestic, $/Light, sandy loam|Screening, land fil-| 651 Effluent uniformly 
traderefuse.| and gravel on| tration......... of high quality. 
gravel and sand.. 
Rugby... 2c... 5. Mainly domes-|Heavy loam over|Screening—chemi-| 35 Volume too great 


for highest class 


A Sa Sa ed stiff clay........ cal precipitation, 
effluent. , 


settling, surface 
irrigation and fil- 
tration......... 









The quantity of sewage which can be applied to crops during rainy weather is 
very small and the difficulty which arises from this fact is increased because the vol- 
ume of sewage is itself augmented by the rain. If, as commonly occurs, there is no 
more land than is needed for the ordinary flow of sewage, it becomes necessary in 
stormy weather to discharge the sewage from the farm in an incompletely purified con- 
dition or treat it by some supplementary process. 

In America, comparatively little can be done in sewage farming and that which 
has been accomplished has been under conditions which are not general. The sewage 
farms have all been small. Consequently, there is little useful data available from 


this country. On the Passadena farm, with 300 acres under irrigation, the volume dis- 
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posed of per acre daily was about 2,800 gallons. On the intermittent filtration area at 
Framingham, Mass., crops were formerly grown with a rate of about 40,000 gallons per 


acre per day. This was with comparatively weak, screened sewage. 


METHOD OF APPLYING THE SEWAGE TO THE LAND 


The methods of applying sewage to the land vary considerably. The simplest plan 
is to allow the sewage to flow over the surface, the sewage being conducted. to the 
fields by ditches and the effluent being carried away by open drains. The farms are 
usually so arranged that where passage across one field fails to purify the sewage suf- 
ficiently, the sewage can be conducted over other fields located at lower levels. This 
kind of sewage irrigation is most suited to clayey and peaty soils which do not readily 
permit the sewage to pass through. Some authorities consider that soils of this kind 
are not suitable for sewage farming and should not be used for this purpose. In Ger- 
many, it is customary to make careful study of the soil which is available before decid- 
ing upon a sewage farm and only in those cases where soil of proper character can 
be obtained is it considered permissible to lay out a sewage farm. In England the 
custom of restricting sewage farms to those soils which are suitable has- not always 
been followed, and farms have often been laid out on very unsuitable soil. In some 
cases it was impossible to find proper soils and the insistence of the Government upon 
the application of sewage to land made it necessary to use such soils as were available. 

The purification effected by allowing sewage to flow over the surface of the land 
is relatively slight and uncertain. ‘This is the crudest method of applying sewage to 
farm land. Where suitable soil exists, it is desirable to construct underdrains so that 
the sewage can pass through the soil and so undergo the purification which can best 
be carried on in the ground. The underdrains are arranged in various ways accord- 
ing to local circumstances and the personal opinions of those who happen to be in 
charge of the work; no exact rules being followed. The underdrains may lie from 3 
to 6 feet beneath the surface and they may be from 30 to 50 feet apart. Their slope is 
generally about 1 in 200. 

Ridges and Furrows. The sewage is conveyed to the field in open ditches and may 
be spread over the soil evenly or in furrows. Where furrows are employed, it is cus- 
tomary to dig them between the lines of underdrains so that the sewage may pass as 
far as practicable through the soil. The crops are sown on the ridges between the 
furrows. | 
| The ridge and furrow system has many advantages. Among them is the oppor- 
tunity afforded for applying the sewage to the roots without fear of doing harm by 


wetting the leaves and upper stems. 
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The sewage is always applied intermittently. The frequency and duration of 
dosing varies considerably. The sewage may be run upon the land for a period of 24 
hours at intervals of every four or five days or it may be applied during a longer 
period with a shorter interval of rest. As a general rule, it is customary to allow 
from 2 to 4 times as long a period between applications as is allowed for the applica- 
tion itself. 

Preliminary Treatment. It not infrequently occurs that sewage has to be treated 
by some process before it is applied to land. If the large solids are not removed, the 
land may become not only covered with black, slimy deposit, but worse, a fetid mat 
of solids may accumulate in the pores and on the surface of the soil which greatly 
retards the penetration of the liquid sewage. ) 

In some cases it is desirable to remove the grease from the sewage before applying 
it to the land. The total quantity of grease produced in some cities where manufac- 
turing processes are carried on is very great. Studies made at Berlin indicate, ac- 
cording to Dunbar, that about 20 grams of grease are produced per capita per day. 
This is sufficient to spread one-half a gram of grease over each square yard of the land 
at the sewage farms per annum. Grease is of no use whatever in agriculture; it is 
harmful to the sewage farm. 

If sewage has to be treated for the removal of its solid matters and grease before 


the sewage is applied to the land, the cost of sewage farming is increased. 


THE INTERESTS OF SANITATION AND OF AGRICULTURE OPPOSED 


The interests of sanitation and of agriculture are frequently opposed in sewage 
farming. It is of sanitary advantage to apply the sewage in such way as will produce’ 
the highest degree of purification and this must be done regularly and with little or no 
odor or other nuisance. The sewage must be disposed of promptly and at the rate at 
which it is produced. It should not require expensive preliminary treatment in order 
to fit it for absorption by the soil. The state of the weather should produce no injuri- 
ous effect upon the process of disposition. The increase in volume produced by the 
growth of population should not require expensive additions to the works. There should 
be no danger of injury to health. Extensive harm to property in the vicinity of the 
works should not result. The interests of agriculture require that the sewage be ap* 
plied only when needed and in such quantity only as to satisfy the needs of the growing 


plants. In winter and in heavy storms no sewage is wanted. 


FACTORS AFFECTING RESULTS OBTAINED BY SEWAGE IRRIGATION 
Climate. Climate is an important factor in determining the suitability of sew- 
age farming. Where the atmosphere is humid or the rainfall abundant, less sewage 
can be taken up by vegetation than in the arid regions. With heavy downpours, 
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special provision is required in the way of equalizing basins or filters. Arid regions, 
such as those of India, Egypt and our own West are particularly favorable for the 
reception of sewage for irrigation. Cold climates, on the contrary, are not so suitable. 
When led onto the fields in furrows, sewage does not freeze except during very low 
temperatures provided the supply of sewage is nearly continuous, but it is, of course, 


not usefully employed under these conditions. 


Sanitary Considerations. Although slight odors may be carried for some distance 
during certain atmospheric conditions, there is no evidence that sewage farms are 
detrimental to health. This is the experience on the farms of Berlin on which over 
4,000 persons reside on 39,000 acres, and is the conclusion reached by the Royal Com- 


mission on Sewage Disposal. 


Crops to be eaten raw should not be dosed with sewage before gathering and, in 
fact, the experts of the Royal Commission on Sewage Disposal, Messrs. McGowan, 
Houston and Kershaw, would even go so far as to limit sewage farms to the raising 
of food for cattle, but this seems an unnecessary restriction. Waring, in his “Modern 
Methods of Sewage Disposal,” says that “after all these years of experience, it may 
be stated in the most positive manner that there is no sanitary objection whatever to 
the system of sewage disposal by agricultural irrigation.” 


There remains to consider the possible pollution of water supplies. If the land 
is underlaid by limestone, chalk or seamy rock or beds of coarse gravel from which 
supplies are taken, there is danger of contamination; but if the soil is fine and homo- 
geneous, the effluent may be able to satisfy the standards of a drinking water on a 
well operated farm. 

The location of the farm with reference to the city is important, first, in its effect 
on the price of land, and consequently the cost of the farm, and second, in its prox- 
imity to a market for the products. The distance of the farm from the city affects 


the character of the sewage, for sewage becomes offensive with long carriage. 


Sociological Conditions. Sociological conditions are so different in Europe and 
America that it is unsafe to infer from foreign experience what might be accomplished 
in the United States in this respect. If the farm and the condition of the effluent are 
to be entirely under the control of the municipality, a large body of employes must be 
added to those already on the city’s pay-roll. Where the control is by an intelligent 
and strong centralized government, as in Germany, there is relatively little objection 
from this standpoint. 

Greater efficiency in operation might be secured by a private corporation than by 
a city, but the principle of relegating the function of purifying sewage and operat- 


ing a productive farm to any but a public authority is not wise, as the profits to be 
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derived from the sale of crops would be pushed, to the probable neglect of the sanitary 
considerations. 


CROPS 


With the exception of cereals and legumes the crops best adapted to sewage 
farming are those which it is found most profitable to raise on other farms in the 
neighborhood, provided they have a large capacity for taking up water. Italian rye 
grass has been found one of the best crops to raise, and cabbages, kale, mangolds, 
beets, turnips, carrots, onions, potatoes and celery thrive well. In England, osiers 
have been found to grow well in wet irrigated soils and at Sutton the raising of mint 
for oil was found profitable. Cabbage is said to be injured in flavor by sewage and it 
should not be applied to lettuce, berries or other farm products which are to be eaten 
raw. 

It is often profitable to devote a part of the land to pasturage. In this way the 
crops are, at least in part, disposed of without cost for transportation and, if produced 
in excess, can be stored by ensilage for future use. Cows and horses are an important 
source of revenue on the Reading, Nottingham, Aldershot and other farms in Eng- 
land and the sale of wool from sheep constitutes a principal source of revenue on 
the Melbourne farm. Where cows are raised, milk is a valuable product. The proper 
management of a large sewage farm therefore requires in the manager a man of un- 
usual qualifications pertaining to irrigation, farming, stock raising and the dairy 


business. 


NUISANCES FROM ODORS 


Sewage farms not infrequently give rise to considerable nuisance from odors. 
This is particularly true where the extent of land is insufficient to take care of all 
the sewage which needs to be disposed of. At best the exposure of sewage through 
several miles of open ditches is not an agreeable procedure when regarded from the 
aesthetic standpoint. It is true that in some cases, notably at the sewage farms of 
Berlin, hospitals, convalescent homes and even playgrounds for children have been 
arranged at no great distance from the sewage fields; but in those cases where high 
sanitary standards exist, the advantages to agriculture are considered of distinctly 
secondary importance and the success of the process, as reckoned from the business 
standpoint, is generally poor. 

The secret of successful application of sewage to the growing of crops lies in hav- 
ing a good soil to work with, providing scientific management and in having an 
abundant area of land. The crops should be given sewage only when they want it. 


Saturation of the soil, known as sewage sickness, should never occur. There should 
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always be reserve areas to take up the excess volume which frequently occurs. The 
land in the vicinity should not be of such great value as to prevent extensions being 
made to the works which the increasing quantities of sewage from growing popula- 
tions require. Nor should the works be situated so close to villages and towns as to 
cause the latter to suffer seriously from the odors to which the sewage fields may give 
rise. 

It should not be necessary to produce an effluent of the highest chemical and bac- 
terial purity. Sewage farming is capable of producing an effluent which is as clear 
and clean as any process of sewage treatment can yield, but this result can be achieved 
only under favorable circumstances. It has frequently been remarked by impartial ex- - 
perts that in very few places are rigid sanitary requirements fulfilled by sewage 
farms. In numerous instances, it has been necessary to abandon farms in order to 


obtain a disposition of the sewage which would be satisfactory from the sanitary 


standpoint. 
EXAMPLES OF SEWAGE FARMS © 
PARIS 
TABLE LX 
DaTA RELATING TO THE SEWAGE FARMS 
Population; 1910 40:5. So etcee woo oe aaa eee PIAA De ota a eer 2,800,000 
Population, iper acre ct: Pies csi 2 see Cs ree eee 221 


Ordinary volume of sewage per day............cccc cece ce seceeee 160 to 185 million gallons 
Ordinary sewage per head per day.............. cece eccecceeees 57.1 to 64.8 gallons 





Areas of Farms in Acres 


Farm Total 
Privately Owned by. 
Owned Municipality 

Gennevilliera 2.7 shrcss sere ie acetate merece hes 1,996 15 2,011 
Acheres. isso 5 tickers cane ere ee ed Les ce ee 386 2,965 : 3,351 
Mery=Pierrelaye ii) ccs eet te ae eee ee 3,731 1,235 4,966 
Carrietes- Tridheig ft nce aor see ee a ones 2,137 210 2,347 
8,250 4,425 12,675 





The soil is largely a sandy alluvial deposit with some gravel and some clay down 
to a depth of from 6 to 20 feet. It is partially underdrained at 13 feet. The sewage 


before delivery to the farms has passed through a grit chamber and screen. 


From Table LX the average amount of sewage applied per acre per day is seen 
to be about 13,600 gallons, although the volume received at Gennevilliers is restricted 
by law to 11,800 gallons per acre daily. Experiments have shown that in raising 
_ lucerne the land will take 42,700 gallons and that meadow land will take 49,300 gal- 
lons per acre daily without prejudice to the crops or effluent. At Gennevilliers there 
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is a “model garden” where various fruits, flowers, vegetables and shrubs are grown and 
it has been shown that this will take from 23,000 to 37,000 gallons per acre per day. 

On the lands owned by the city, sewage is taken by the tenant in fixed amounts 
and its use is under the supervision of the city but in the larger area privately owned, 
it is taken or rejected at the option of the farmer. There is much that finds its way 
to the Seine without treatment during storms. The sewage used in irrigation is dis- 
charged to the river in a well purified condition. 

The cost of the farms up to 1900 was $7,220,000 and the annual operating expenses 
were about, one million dollars. The Gennevilliers ¢rop was worth about $200 an 
“acre or $400,000 in 1907. Data for the other farms are lacking. 

It is a significant fact that the city has been carrying on experiments with more 


intensive methods of sewage treatment for some years. 


BERLIN 
TABLE LXI 


DATA RELATING TO THE SEWAGE FARMS 


Pationitr S080 oes nerd tit ha ee cs Coa eh rules trea 2,064,153 
Sewage treated per day................. £8 SEA renee 77 million gallons 
Sewage, per capita, daily......... 00.0000 c ccc e eee epee 37 gallons 





Area of Farms in Acres 


Total 
Leased to 
F aamied by Market Unproductive 
aaey Gardeners 
Acreage irrigated and farmed................... 16,657 3,956 * 395 21,008 
Acreage farmed without irrigation............... 10,647 2,486 8,868 22,001 
orem mr ey, me 27,304 6,442 9,263 43,009 











At the end of 1910 there were the areas of prepared land as shown in Table LXII. 


TABLE LXII 


AREAS OF PREPARED LAND 





Used for broad irrigation........ EAD e RG Shel ole tee 7,994 acres 
G8edifor iitration. bed | ei ic weirs eae wiv atta ias & bist & 12,250 “ 
Used for settling basing’: #5 se pecs Sia ce te ht oes Wie tats 502 “ 
- Roads and miscellaneous... ............cce eqs eee eee reyes 2,105 “ 
ROCA ie chat an Tete Ge ge iroe leis Se get ek A a hate ee Zo, s0les 


The soil is light and sandy. The beds are about 150 to 200 feet square and are 
underdrained at a depth of from 4 to 6 feet by lines of tile 16 to 30 feet apart. The 


_ grit and heavier sludge and fats are removed before applying the sewage to the land. 
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The rate of filtration is about 3,700 gallons per acre of prepared land. There are 
48 inhabitants per acre of farm or about 98 per acre of land under irrigation. 

The principal crops raised are rye grass, turnips, beets, cabbages, potatoes and 
erain. About a quarter of the area operated by the city is pasturage. There are 40 
acres of fish ponds which yield about $80 worth of fish, mostly carp, per acre per year. 

The total cost of the farms to March 31, 1910, was $17,470,000. The cost per acre 
was as shown in Table LXITI. 


TABLE LXIII 


COST OF THE SEWAGE FARMS 
Total Area Land Specially 


Prepared 

Purchase of land oy wi.ccipeeihae an eee ee ee ee $229 .38 $431 .52 
Preparation of land .\.0 (5). ¢iuaen coer oe tale me ee 131.40 247 .80 
Buildings and miscellaneous.................0eceeeeeeee 45 .42 85.26 
Total expenses... ..-45.52 4 stone es ee aes Meee $406 .20 $764 .58 


The receipts and expenses of operation in 1910 were as shown in Table LXIV. 


TABLE LXIV 
RUNNING EXPENSES OF THE SEWAGE FARMS 

Receipta sess! ier pate cee. cite y seat cee eae $1,240,772 .58 

Increase in value of live and dead stock.................. 122,593 .50 
Re ee $1,363,366 .08 

Maintenance... 22072 eee See eer een ere $1,300,385 .34 

Payment of interest and loans................ceeeeeeees 741,817 .62 
wo 741,817.62 
Deficite ssi 56 GG ee es Pe eee de Le oe ee eee $678,737 .88 


From the foregoing figures there is seen to be a decided loss when the fixed charges 
on capital invested are included. 

The Berlin farms are the most extensive and perhaps the best managed in the 
world. They are under the control of the authorities, are on land admirably adapted 
to the purpose, convenient to the markets and employing in part convict labor at low 
cost. Yet, largely on account of the increasing value of the land, it is Dr. Dunbar’s 
opinion “that many of us will live to see the day when Berlin will sell its irrigation 
farms for building purposes and construct artificial biological works in their place.” 


NOTTINGHAM 
TABLE LXV 
DATA RELATING TO THE SEWAGE FARM 
Population drained to sewers in 1910........... ccc cee eee eee eee 258,584 
Population per acre irrigated........ RAE IG Rename Oe 397 
Mean dry weather flow... iio: Geos ae ns ee ey ere a 8,400,000 gallons per day 
Sewage ‘per head per day /; cc Suen ee pe ee ee 32 gallons. 
Ares of farm's /0084 oo. Sea 5 Reino eee kn i OL 0 907 acres 
Trvigable ‘area: 5 aids cick sti cee oe eet es eerie Oa ee ae . 
Area irrigated atone time: 4.4) .cncuted. cho cawateueoe fo Or nes 300 »* 
Gallons of sewage treated per acre irrigated per day............... 28,000 gallons 
Gallons of sewage treated per acre of farm per day................ 12,900 “ 
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Baker says in his “British Sewage Works” that, when visited by him, in 1904, 
the dry weather flow had increased to 10.8 million gallons per day and the total area 
of the farm was 1,950 acres, of which 1,300 acres were irrigable. About 120 acres of this 
were held in reserve for emergency use. 

The first 636 acres were leased in 1878 at $24.30 per acre annually for 65 years. 
Since then all but 173 acres of the holdings in 1904 had been bought by the city at an 
average gross cost of $583 per acre. The farm was first operated in 1880. 

The combined system of sewerage is used. About 3/7 of the flow is trade waste 
from bleaching, dye and wool scouring works, breweries, etc., but the amount of solid 
excreta is not large owing to the fact that many of the dwellings are not connected 
with sewers. Storm water is admitted to the sewers up to a rate of 14-inch of rain- 
fall per day. 

The soil is generally of light sandy loam, 7 inches to 15 inches thick, overlying 
and interspersed with gravel and sand. This is all underdrained at a depth of from 
41% to 71% feet. 

About half the irrigable area is irrigated at one time and some 50 acres of this, 
closely underdrained, is in continuous operation for a month or so, until overdosed. 
The balance is divided into two parts, each of which receives sewage 12 hours in al- 
ternation with the other. 

The staple crops are Italian rye grass, mangel-wurtzel, ox cabbage, kale and kohl- 
rabi, but during years when not irrigated there are grown clover, cabbage, grain, 
potatoes and turnips. 

There are also kept 620 head of cattle, including 92 milch cows, 620 sheep, 320 
swine and 130 horses. 

The gross revenue is about $78,000, of which about $11,000 is from the sale of 
milk. 

The force required to work the farm comprises 110 men and boys whose wages 
amount to $19,400 per annum. The boys start in at $1.46. The wages shown in Table 


LXVI are paid per week in addition to the use of a house and garden: 


TABLE LXVI 


WaGES PAID ON THE SEWAGE FARMS 


Foreman Labor 
SVORINALY WORK Sa ivarsc oe soo aos ms ew ras anes ok Seas «oon we 3s $6 .32 $4.13 
NASIR ees REC ne hic, Zh SAY acai o rks SAS woe ance 6.32 4.62 
WY AGODETE 6 be Pee 2 caer sieaicetenale wigan Segaia nore,s viet eters ke &.« ae 7.29 4.86 
Engineers (for agricultural machines).....................05- 9.72 6.07 


For the first 22 or 23 years of operation there was always a revenue over and 


above operating costs amounting to over $12.00 per acre but the next year being un- 
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usually wet there was a loss. The favorable showing appears to be due mainly to the 
excellent condition of the soil and to the especially efficient superintendence of the 


farm. 


PASSADENA 


In the United States the Passadena farm has been perhaps the most profitable. 
Three hundred acres were bought in 1887 for $40,000 and 150 acres more in 1904 for 
$9,000. In the year 1903-4, 840,000 gallons were received on the land which was 
planted with alfalfa and walnuts. Later, alfalfa was given up as unsuitable. The 
operating expenses were $6,310.91 and the revenue $11,643.57 ($7,847.29 of which was 
from the sale of walnuts). Even with $1,400 added to the expense account, for inter- 
est at 314 per cent., there remained a profit of over $3,900, or about $18 per acre. In 
spite of this apparent profit, the farm has now been abandoned for other means of 


disposal. 


AMERICAN AND EUROPEAN CONDITIONS COMPARED 


There are many reasons why sewage farming is not so well adapted to American 
as to European conditions. In the first place, the water consumption per capita being 
twice that of European cities, the land required under conditions otherwise similar is 
also twice as great and so twice as costly. The price of labor, too, is much higher in 
America than abroad, and as about twice as many men are required per acre as on an 
ordinary farm; this places sewage farms in America at a disadvantage. Finally, polit- 
ical conditions are less favorable here. For successful farming and to secure sanitary 
results, the city should control the application of the sewage. The Royal Commission 
on Sewage Disposal has placed itself on record as against the practice of losing con- 
trol by leasing farms devoted to sewage irrigation. This means municipal operation, 
often on a large scale, with all the uncertainties connected with the changing and 
decentralized administration of our American cities and the opposition of those with 
whom the sale of the products would bring the city into commercial competition. 

It is important that the peculiar difficulties to be met should be fully appreciated 
before committing a town to the adoption of sewage farming. They include (1) the 
cost of land near cities and its equipment(which has been estimated at five times that 
of an ordinary form), (2) the character of the land, (3) the penetration of frost in 
soils otherwise favorable, (4) the removal and disposal of the coarse solids, (5) the 
possibility of unpurified sewage finding its way to a water supply, ( 6) the possible 
infection of cattle feeding on sewaged grass, (7) the possibility of odors permeating 
the atmosphere in warm, damp weather, (8) the problem of procuring adequate and 


efficient superintendence and labor, (9) transportation and sale of crops. 
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FINANCIAL RESULTS 


Among the most complete financial figures are those given by the Royal Com- 
mission on Sewage Disposal in their Fifth Report. These are based on a million 
imperial gallons of “normal domestic” sewage per day from 25,000 persons on land at 
$484 per acre and labor at $5.11 per week. It is assumed that the sewage is collected 
by the combined or partially separate system and the last includes preliminary sedi- 
mentation and the disposal of sludge as well as the cultivation of the farm. 

The areas required under different conditions, gross cost and receipts are given 
in Table LX VII from the Fifth Report of the Royal Commission. 


TABLE LXVII 


Data, Cost AND RETURNS FROM SEWAGE FARMS IN ENGLAND 








Gallons 
Settled! |Total Acres} Gross Receipts | Net Cost Cost 
Nature of Soil Process Sewage dwf.* in | Cost per per per C. ee 
per Acre / Megd.** Megd.** Mgd.** Megd.** oi a 
Daily 
Sandy loam overlying|Filtration with crop-| 14,400 70 $13.71 $1.38 $12.33 17.7. 
gravel and sand.. INGA RM asia oe 
Sandy loam overlying Filtration with little) 30,000 33 10.02 .65 9.37 13.7c. 
gravel and sand...| cropping.......... 
Sandy loam overlying Surface irrigation and 8,400 126 16.89 2.40 14.49 21 .3c. 
gravel and sand...| cropping.......... ; 
eat soil overlying|Surface irrigation and 6,000 167 24.34 3.30 21.04 30 .9c. 
oN Oe eee GFOPPING: he 5i. 5-5 
Stiff vey soil over|Surface irrigation and 3,600 280 34.56 5.52 29 .04 42 .5c. 
dense clay........ CTOPPINE house nak. 


* Dwf.=dry weather flow. ** Mgd.=million imperial gallons per day. 


Under the conditions assumed, it was estimated that irrigation would be cheaper 
than tank treatment followed by percolating filters where the soil was light and 
porous, but not otherwise. The conditions are subject to wide variation. The larger 
the area, the greater the cost, but, with good management, the larger the area the 
better the prospect for a profit... 

In the 21 towns whose returns from sewage irrigation are enumerated in the 
table just given, there are about 8 whose income exceeds their operating expenses and 
there is none showing a net profit after deducting loan charges. This does not mean 
that many of these farms have not been an economically wise investment. That point 
can only be decided by comparing their cost with the cost which would have been 
incurred for disposal by other methods. 

Analyses thus sets at rest the popular notion that sewage farming is profitable 
as a purely business venture. As stated by the Royal Commission, quoted by Scoble 
in his work on “Land Treatment of Sewage”: “Although we are of opinion that sewage 
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farms in general can never show a profit, if interest on capital expenditure is in- 
cluded, the fact that in favorable seasons some of them can more than cover the 


working expenses is a point in favor of cropping.” 


AUTHORITATIVE OPINIONS WITH REGARD TO IRRIGATION 


It is a notable fact that of all the authors of recent treatises on sewage disposal, 
not one is favorable to irrigation except in situations where unusual opportunities for 
this kind of disposal occur. 

Dunbar, in his “Principles of Sewage Treatment,” London, 1908, page 115, says: 

“Tt will have been noted that the results of irrigation from a sanitary point of 
view are influenced by many factors, some of which it is impossible to control and yet, 
in spite of this, irrigation is still regarded as the best method of sewage purification. 
Its application as a method of raising crops is only possible, generally speaking, at 
the expense of the purification. It has, however, been generally recognized that 
profits cannot be obtained from sewage irrigation. Contrary opinions, which are 
held by imaginative persons, but not supported by actual observations are continually 
cropping up and being urged with the ardor of prophets. They may, however, reason- 
ably be neglected here.” 

Again, page 109: 

“More recently the value of domestic sewage aS a manure has been usually esti- 
mated at four to five shillings per head per annum. Hence, by a rational use of its 
domestic sewage, a town of 100,000 inhabitants might reasonably expect an income 
of nearly $125,000 per annum from its sewage. Even without taking into account the 
preparation of the land and the cost of conveying the sewage, but simply considering 
the working costs, such incomes have nowhere been obtained. No case is known 
which shows a profit from irrigation, when subjected to a strictly commercial in- 
vestigation.” ; 

Rideal, in his book on “Sewage and the Bacterial Purification of Sewage,” says: 
“With careful management the sale of produce from a sewage farm may be made to 
yield a small balance over working expenses, but not sufficient to repay the capital, 
which is estimated to be about five times that required for an ordinary farm.” 

“The chief objections to land filtration have been summarized as follows: 

“1, Generally the worst part of the sewage—the sludge—is not dealt with at all. 

“2. As crops are usually grown, their cultivation is often considered, by those 
left in charge, as more important than the purification of the sewage, and so the 


latter is not fully treated except where irrigation is of advantage to the crops. 
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“3. Unless the land receives very careful attention, a bad result is generally pro- 
duced from even the best farm and it is difficult for anyone but a highly trained man 
to keep the works under proper control. 

“4, There are many possibilities whereby land which has been laid out carefully 
may fail, even with careful working, such as the cracking of the land, admitting 
crude sewage into the drains without filtration. 

“5. Land of sufficient quantity or quality, and at a reasonable price, is often un- 
attainable.” 

In their work on “Sewage Disposal,” New York, 1910, p. 207 et seq., Messrs. Kin- 
nicutt, Winslow and Pratt say: 


“On the whole, it may be said that a sewage farm under the best conditions, 
may yield a better effluent than that which can be obtained from contact beds or trick- 
ling filters. Where the soil is heavy, however, the results of irrigation are very much 
inferior to those which can be attained by the so-called ‘artificial’ processes. Fur- 
thermore, in sewage farming there is always a tendency to the by-passing of surplus 
sewage at times of rain, and in many instances this militates seriously against the 
general efficiency of the process. 

“* * * It is of course obvious that well waters in the neighborhood of irrigation 


areas must be subject to strict supervision * * *. 


“The economic advantages of sewage farming have long been a debated question. 
The utilization of waste products is always an attractive idea; and sewage fields cov- 
ered with a rich mantle of luxuriant vegetation make a strong appeal to the imagina- 
tion. It has been said, however, that it is poor economy to save something by a 


process which costs more than the value of what is to be saved. 


“With fair soil and not too heavy rainfall, broad irrigation may be operated satis- 
factorily by cities having at their doors large areas of cheap and unfertile sandy soil. 
Its economic value then depends upon a number of minor variables. The cost of land, 
the cost of labor, the available markets and, above all, the skilful management devoted 
to the farms chiefly control the final result.* * * Sewage farming is not likely to be 
one of the future activities of the American city except in arid regions.” 

In his treatise on “Sewage Disposal,” New York, 1912, George W. Fuller has 
said, p. 595 et seq.: 

“Strictly speaking, this method is not in general use in this country except in 
the Far West, although there are some intermittent sand filter plants in the East 
where crops are raised on portion of the area. Some profit results from the use of 
these filter areas for agricultural purposes, but this seems to be a small and incidental 
feature * * *. 
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“Many references in technical journals can be found to the use in the West of 
broad irrigation as a means of sewage disposal. But the facts usually show that such 
use was merely incidental and not entitled to serious consideration from the sanitary 
standpoint. 

«“*# * * When the sewage is not considered helpful for agricultural uses, there 
is altogether too great a tendency to divert it to some neighboring stream bed. This 
difficulty has been regulated properly in some of the large European plants, but it 
requires the constant and careful effort of a competent corps of inspectors and patrol- 
men. Otherwise the sanitary requirements as to sewage disposal become entirely sub- 
servient to the interest and convenience of the farmer. 

«“# #* * Objections to the method have increased rather than decreased in recent 
years. “These relate to objectionable odors, prejudice against the use of sewage in 
growing vegetables and to the transmission of disease germs by flies and other insects. 

“Experience shows that only nominal aid financially has been received from the 
use of sewage in broad irrigation.” 

The book on “British Sewage Works,” New York, 1904, which was published by 
M. N. Baker, after visits to the principal sewage disposal plants of Europe, contains 
descriptions of various sewage farms in England and those of Paris. Mr. Baker, after 
seeing what were considered to be the best managed sewage farms in Great Britain, 
remarks, page 104 et seq.: “For some years past nearly all the printed matter relating 
to sewage disposal in Great Britain has either contained no reference to sewage farms 
or else spoken of them as being abandoned as rapidly as possible.” 

On page 114 Mr. Baker says: “As a rule, the purely natural conditions in many 
sections of the United States are far more favorable to sewage farming than they 
are in England, but nearly all other conditions, and they are many, are against the 
practice. We have fortunately never been carried away by the glowing claims of 
prophets for sewage farming, although not infrequently they are urged by well mean- 
ing but ill-informed persons.” | eps. 

Among the foremost scientific authorities who have considered the subject of 
sewage disposal from the agricultural standpoint is Prof. F. H. Storer of Harvard 
University, in whose book on “Agriculture in Some of Its Relations With Chemistry,” 
seventh edition, New York, 1910, is an extended notice of this subject. 

Barwise, in his book on “The Purification of Sewage” (1899), disclaims any real 
superiority in sewage farming as a means of conserving the fertilizing ingredients. 
He says: “When we bear in mind that leguminous plants have the power of absorbing 


nitrogen from the air and that the sea requires its nitrogen replenished, on account 
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of the fish taken from it, the fallacy of the manurial-value argument becomes too 
ridiculous to entertain for one moment.” 

An adverse opinion of its value is that of Tidy in his “Treatment of Sewage” 
(1887). He says: “The effect of all the constituents of a manure is but the effect of 
that one of them which, in comparison with the wants of the plant, is present in small- 
est quantity.” Therefore artificial fertilizers are usually required to supplement the 
deficient potash or else the ammoniacal and phosphoric acid compounds, which are in 
-excess, are left to clog the soil. Moreover, while the crops absorb from 40 to 75 per 
cent. of the nitrogen from the ammonias of the sewage, weak sewage, such as are often 
found in the United States, may, if applied in excessive amounts, actually remove val- 
uable manurial salts from the soil by solution. 

Another person has said that it would be as reasonable to expect farmers to 
manure their land with the smoke of cities as with sewage, for, as everyone knows, 
enormous quantities of ammonia must be lost in the aggregate in cities where domestic 
fires are fed with coal. 

Professor Storer considers that the problem of how to dispose of the sewage of a 
city is simply a sanitary question. The danger of exhausting the fertility of the soil 
by continued cropping without restoring the nitrogen and other available compounds 
by means of manures or artificial fertilizers is by him regarded as too remote for con- 
sideration. If the land requires enrichment, the use of artificial fertilizers is capable 
of supplying all that will be needed. The present sources of the ingredients of fer- 
tilizers are practically inexhaustible and other sources will doubtléss be discovered 
when needed. There seems to be no reason why agriculturalists should feel the need 
of the nitrogen of sewage since every farmer who lives within reach of railroads or 
steamboats has the whole world from which to draw his supplies of manure. 


In Professor Storer’s words: 


“No matter how freely it may be admitted that immense quantities of plant food 
are carried out from the city every year through the sewers, it remains none the less 
true that these fertilizing matters are carried out in a state of such extreme dilution 
that it is idle to talk of recovering any of them economically in the present condition 
of labor and commerce or of utilizing the sewage in any way excepting in arid regions 


and in some rare localities.” 


Lawes has stated the views of English experts in a paper on “The Disposal of 
Sewage by Some Towns and Villages” in the Journal of the Royal Agricultural So- 
ciety of England, Series 3, Vol. I, 1890, page 86, as follows: 

“Now that the sewage question has been through the wild extravagance of its 


early days and sewage has come to be regarded by all sensible people as a nuisance 
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to be gotten rid of rather than being in itself a mine of wealth, the solution of the 
problem has become an easier matter. The primary question is no longer how to ex- 
tract the small amount of fertilizing matter it contains, with the idea of making a 
fortune by sewage farming or a valuable artificial manure, but how to rid ourselves 
of the sewage that it may do the smallest amount of harm at the least possible cost.” 

In Dr. Tidy’s opinion, “The story of one and all sewage farms is a history of com- 


mercial failure.” 


CONSIDERATIONS AFFECTING NEw YORK 


As mentioned in Preliminary Report I of the Metropolitan Sewerage Commission, 
September, 1911, page 5, the sandy soil of Long Island lying east of Greater New 
York between Amityville and Quogue is the only region where it would be at all prac- 
ticable to treat the great volume of the city’s sewage, or any large part of it, by irri- 
gation. This volume, which will reach 1,330 million gallons by 1940, would require 
about 175 square miles for treatment, allowing 12,000 gallons per acre. 

Leaving out of account the cost of the land the project is estimated to cost 
$152,780.00. 

It would be more reasonable for the sewage of parts of Brooklyn and Queens to 
be applied to farm lands. Aside from the financial argument which would probably 
be conclusive, there are the other considerations that have already been referred to 
as drawbacks to irrigation in the United States, viz.: possible nuisance, possible con- 
tamination of the sources of well supplies, value of the land for building purposes 
and the uncertain effect of taking over a great agricultural enterprise by the munici- 
pality with all its possibilities of inefficiency due to the short terms of office of those 


in control. 


RECENT OFFICIAL OPINIONS ON UTILIZATION 


Two reports on the utilization of sewage appeared in December, 1913, one in 
England and one in the United States. Each was brief but well calculated to show 
the opinion of its author. The author was in each case qualified in every way to form 
an authoritative opinion with respect to the subject dealt with. 

Dr. MacLean Wilson is Chief Inspector of the West Riding of Yorkshire Rivers 
Board and in this capacity directs the efforts which are being made by a rural and 
urban population of over 3,000,000 persons located in the center of England to dis- 
pose of this sewage in a sanitary manner and at the least practicable cost. 

Mr. H. W. Clark is Chemist of the Massachusetts State Board of Health and in 
charge of the Lawrence Experiment Station where a larger and longer experience 


has been had in the disposal of sewage on an experimental scale than has been en- 
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joyed elsewhere. All efforts made in the State to dispose of sewage come under his 
critical examination. 

Dr. Wilson’s opinion is set forth in an official report of the West Riding of York- 
shire Rivers Board; Mr. Clark’s in a monthly bulletin of his Board. 

Opinion of Dr. H. MacLean Wilson. In Dr. MacLean Wilson’s opinion, the use 
of water carriage for the removal of the sewage has greatly added to the difficulty 
of making use of the fertilizing materials. The wastes from each adult inhabitant, 
estimated at about $2.62 per annum, are diluted by 7,000 imperial gallons of water 
and to extract the material which theoretically is worth $7,500,000 would necessitate 
dealing with 22,000 million gallons. 

In practice, Dr. Wilson shows that, owing to the difficulty of obtaining suitable 
land within reasonable distance of towns and owing to the necessity for dealing con- 
tinuously with huge volumes of water of which the sewage is composed, it is impos- 
sible to utilize the sewage profitably in farming except under rare circumstances, and 
nearly all the large towns in England have found it necessary, because of the cost, 
to abandon the use of their sewage farms and adopt more modern methods of sewage 
purification. 

Dr. Wilson states that inasmuch as more than half the valuable constituents of 
sewage are in solution, unless purification is accomplished by means of land treat- 
ment, this portion escapes into the streams and is lost, so far as utilization is con- 
cerned. The idea of discharging sewage effluents into fish ponds to encourage aquatic 
vegetation and so favor the growth of insects, crustaceans and other forms of life 
upon which fish thrive does not seem practicable to Dr. Wilson as a general proce- 
dure. To him it appears necessary to face the probability that about one-half of the 
intrinsic value of the sewage, the whole of which is estimated in his district to be 
worth about $7,500,000 yearly, must be allowed to escape to the streams without 
utilization. 

That part of the sewage which can be utilized consists in the sludge which is 
recoverable by screening and especially by sedimentation. Before it can be used Dr. 
Wilson states that the sludge must be dried either by filters, so as to contain about 70 
per cent. of water, or by means of sludge presses to-the form of a thick solid cake, in bulk 
one-quarter of the original volume and in water about 60 per cent. In either case it 
is in condition to be removed in carts and spread over land by spade. In a few 
towns the sludge is dried still further so that it can-be ground up and sold in the form 
of a powder. 

Dr. Wilson describes the “Globe” fertilizer produced at Glasgow, the product at 
Kingston-on-Thames or native guano, the Bradford process, the Oldham method of dry- 
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ing by means of heat and removal of grease by distillation, all of which are described 
elsewhere in the present report of the Metropolitan Commission. Reference is also 
made of Hebden Bridge, where the sludge is sold in a granular form obtained by dry- 
ing the pressed cake and passing it through a disintegrator and Huddersfield where a 
new apparatus has been installed for wet-carbonizing and pressing the sludge, extract- 
ing the grease by means of a solvent and reducing the sludge finally to an impalpable 


powder. 


In the West Riding of Yorkshire over 500,000 tons of pressed or filter-dried sludge, 
containing 60 to 70 per cent. of water, are produced annually. Dr. Wilson’s report 
states that if the sludge is used as a top dressing for grass land, it is found that the 
grease does not permit the sludge to weather and break down sufficiently rapidly and 
that even after many months it lies in lumps apparently unaltered. If ploughed or 
dug into the soil, a still longer time is required for it to become assimilated with the 
humus around it and, if used in large quantities, it clogs the pores of the soil or pre- 
vents the percolation of air and moisture which are so important to plant life. More- 
over, the sludge is likely to contain seeds of nettles, docks and other troublesome 
weeds, not to speak of tomatoes, raspberries, strawberries and other fruits, whose 


plants spring up in thousands around the sludge beds. 
Notwithstanding its drawbacks, the sludge forms a valuable manure for certain 


soils and purposes and, considering its low cost and plentiful supply, should be more 
frequently used. Dr. Wilson suggests that a good way to use sludge is to make it into 
the form of a pie with alternate layers of farmyard manure and to let it ripen for 
months, after which it can be used for top dressing or ploughed into the soil. This 
is after the plan of composting, elsewhere referred to in the present report of the Met- 
ropolitan Sewerage Commission. | 

According to Dr. Wilson, the manurial value of sludge does not vary greatly 
whether it comes from a town where the houses are nearly all provided with water- 
closets and the sewage therefore contains all the excreta of the inhabitants, or from a 
town where all the houses have dry closets and the excreta are not discharged into the 
sewers. This fact is shown by a table supplied by Dr. Wilson, containing the results 
of analyses of the sewage of about twenty towns. From the figures given, it appears 
that sludge containing 70 per cent. of moisture is worth about $1.75 per long ton, cal- 
culated on the basis of nitrogen, phosphoric acid and potash present, assuming that the 
whole of these ingredients are present in available form and estimating their prices 
from those of sulphate of ammonia at about $60; superphosphate at about $13, and 
sulphate of potash at about $48 per ton. 


In Dr. Wilson’s opinion the most substantial reasons for the unpopularity of 
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Sewage sludge as a manure rest upon the unmanageable form in which the sludge is 
usually offered for sale and the presence of the relatively large amount of grease which 
it contains. It has repeatedly been found in England that when sludge is dried and 
broken up into a coarse powder, it commands a ready sale, either by direct use by 
agriculturists or to be strengthened by the addition of fertilizing compounds. When 
the moisture is reduced from 75 per cent. to 25 per cent., as it must be in order to pro- 
duce the powder from pressed or filtered sludge, the bulk is greatly diminished and the 
material has a correspondingly increased commercial value. 

The economical removal of the grease from the sludge is a problem which Dr. 
Wilson finds has not been solved, although its solution has been attempted on differ- 
ent lines at various places. 

In general, the removal of the grease necessitates, first, the removal of the water 
and then the application of heat which has the agricultural advantages of sterilizing 
the disease germs and destroying the seeds of hurtful weeds, besides making it a com- 
paratively easy matter to reduce the sludge to the form of a powder. The removal of 
the grease facilitates the use of the sludge in agriculture, for the material can then 
be applied to the land, either as a top dressing or ploughed in, in either event the 
material breaking down readily and becoming assimilated with the soil. Dr. Wilson 


reports an increased demand for this manure. 


Taken as a whole, Dr. Wilson’s report takes a hopeful view of the possibilities of 
utilizing that part of the valuable ingredients of sewage which can be extracted in 
the form of sludge. An early solution of the problem lies, in his opinion, in the fact 
that there are many capable experimenters at present at work in the effort to prevent 
the waste at a cost which will permit the sludge to be prepared and transported in a 


condition profitable for the agriculturist. 


Opinion of Mr. H. W. Clark. After reviewing the efforts made by different cities 
in Germany, England and America to make use of their sewage since the middle of the 
last century and making some estimates of the manurial value of sewage based on the 
composition of the fairly strong domestic sewage of the City of Lawrence in 1912, Mr. 
Clark concludes that the total amount of fertilizing and fatty matters in each 1,000 
gallons of representative American sewage is not worth over 6 or 8 cents. Of this, 
about half is represented by the ammonia in solution and there is no method by which 
it can be utilized except by application to land. 

Experience covering many years, with hundreds of well-operated sewage farms, 
has convinced Mr. Clark that only under the most favorable conditions can a return 


from farming be made to pay the operating expenses and there is no instance wherein 
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the returns both pay the cost of operation and interest on the capital invested, except 
in regions of low rainfall, where the liquid is useful for irrigating purposes. 

Mr. Clark estimates that average American sewage contains about 2,400 pounds 
of sedimentable matter in a million gallons and that the nitrogen, fats, etc., in this 
material are worth about $15 to $18. In order to reclaim the useful material, he points 
out that the solids must be removed, dried, pressed and subjected to a process for the 
separation of grease from the fertilizing constituents, for only by this separation can 
the grease become an article of commerce and the fertilizing constituents be of real 
agricultural value. Only in a few places is the separation of the grease attempted as a 
commercial enterprise and the profitableness of these works is doubtful. 

After the sludge is practically freed from its fats, it consists, in a large part, Mr. 
Clark says, of inert mineral and organic matter mixed with a comparatively small 
weight of fertilizing materials and consequently the cost of carriage is great even 
when the sludge is well dried. 


Mr. Clark considers that it is well proved that the nitrogen, phosphatic acid, etc., 
are generally in less assimilable form than are the same bodies in ordinary commer- 
cial fertilizers. The opinion, expressed by Mr. Clark as the result of his study, is that 
the sludge has some value and as the processes of drying, pressing and fat separa- 
tion are improved and as nitrogen advances in price, it seems to him inevitable that 
sewage sludge will become of greater agricultural value than it is at present, espe- 
cially as the basis of fertilizers enriched by the addition of potash, phosphates, etc. 


SLUDGE 


When the normal flow which is customarily maintained in sewers in order that 
they shall be self-cleansing is checked and the sewage comes to a state of more or less 
complete rest, a deposit forms which is termed sludge. This deposit is so easily obtained 
and the removal of the sludge is such a useful step toward the purification of sewage 


that sedimentation has become an almost invariable part of disposal works. 


Sludge is a mixture of particles of various degrees of density ranging from fine 
sand and fleshy substances of animal and vegetable origin to particles in a semi- 
liquid condition. Semi-solid matters called colloids are characteristic of sludge. They 
contain a large proportion of water which they part with only with much difficulty. 
In order that the water may be removed, it is necessary to change the physical condi- 
tion of the colloid particles. This can be done by heat and by fermentation. On ex- 
posure to the atmosphere and by providing free drainage, the water is removed with 
great difficulty. 


The density of sludge depends upon many factors, including the composition of 
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the sewage from which the sludge was derived, the length of the period afforded for 
settlement, the length of time during which the sludge was stored and its accessibility 
to air or oxygen in the water or sewage which happens to be overlying the sludge. 

Sludge, when fresh, is usually dark in color, of unpleasant odor and of a con- 
sistency resembling thin mud. It becomes more dense and pasty with drying. It can 
be pumped, but it cannot well be shoveled until it has parted with about one-third of 
its moisture. 

Oxygen generally does not have access to the interior of sludge masses for the 
reason that free circulation does not occur and active anaerobic decomposition soon 
begins under ordinary conditions of temperature. If the sludge is overlaid with sew- 
age, ill-smelling gases may be produced in large quantity and these escape at the sur- 
face in the form of bubbles. The odors are largely due to the formation of sulphur- 
etted hydrogen and to organic gaseous compounds of complex nature. 

If the sludge is permitted to ferment with little or no sewage over it, odors are to 
a great extent prevented. Anaerobic decomposition will not long proceed in a mass of 
sludge unless provision is made for stirring it or otherwise causing a circulation. A 
barrelful of sludge may remain with little apparent change in its physical condition 
for many months. If, however, small amounts of sludge are added at frequent in- 
tervals and the fermented product removed from time to time, vigorous fermentation 
may occur and the entire mass markedly change in physical composition. 

In the fermented state the sludge is charged with gas bubbles, the peculiarly 
gelatinous state of the colloid particles disappears and a large amount of the con- 
tained liquid can be freely drained away. Well fermented sludge is inoffensive and 
incapable of producing objectionable odors; it resembles humus or garden mould in 
many respects. 

The objectionable gases which arise from unfermented sludge may be diminished 
in volume by the addition of iron and various other chemical compounds to the sew- 
age. A small amount of iron is always present, this element being well-nigh universal 
in nature. When sewage or sludge decomposes in the absence of oxygen, it is chiefly 
a combination of the iron and the sulphur which causes the mass to become black. 

Chemically precipitated sludge contains not only all the solid and semi-solid in- 
gredients commonly found in ordinary sludge, but considerable quantities of the pre- 
cipitating agents and much colloid matter as well. The chemicals may or may not 
produce a restraining effect upon the behavior of the sludge in respect to fermenta- 
tion, depending upon their character and amount. They may facilitate filter pressing, 


but they have the disadvantage of greatly increasing the bulk of the sludge produced. 
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CHEMICAL COMPOSITION 


The analyses shown in Tables Nos. LX VIII to LXX give the chemical composition 
of some sludges obtained in various places in the United States and Europe by plain 
sedimentation and chemical precipitation. They also give the composition of fresh and 
septic sludge and the product of septic tanks and Emscher tanks. 


TABLE LXVIII 


PERCENTAGE COMPOSITION OF FRESH AND SEPTIC SLUDGE* 


Fresh Septic 
Volatile'solids. . 5.0 oe ee ee 45.8 32.6 
Fixed solids: o7.c.s ieee See 54.2 67.4 
Nitrogen. oct cc ies an feat eres bce eerie 2.0 1.3 
Carbon 3, ho) oscar ee ap felt f F ve 19.5 
Fata torr eer ce ee, a ee core 15.8 8.0 


TABLE LXIX 


SLUDGE FROM EMSCHER TANKS 


Of Dry Residue 
City 

Moisture Mineral Organic Nitrogen Fats 
Philadéiphiats4 3. ieee su eee ae 2 ee oe 82.5 62 38 142 6.5 
Chica tse. wea cee te ee ee 288 61 39 
Recklinghausent..00 40 de ee ee ee 82.9 54.7 45.3 1.74 6.87 
Besant Pe irs sed ee eons | Ay eee ee 75.6 45.1 54.9 1.22 4.95 
Bochum). peor. wth ce eh ores ea rere! 61 38.1 “1.18 6.12 

TABLE LXX 

SLUDGE FROM CHEMICAL PRECIPITATION 
Dried at About 110° C. 

Moisture Mineral Volatile Nitrogen P.O; 
Kingston—Native Guano®................ 25 .67 36.14 37 .99 1.93 1.74 
Dorking—Lime and Alumino-ferrio®........ 37 .67 37 .52 24.81 .89 - 0.66 
Chorley—Alumino-ferrio®................. 12.50 50.74 36.76 1.28 0.98 
Leeds—Alton’s Process®.............000005 22 .06 30 .67 47 .27 “el O40 2.12 


Glasgow—Globe Fertilizer’................ 22.51 43.51 33.98 1.30 bit 





*Sewage Disposal, p. 142, Kinnicutt, Winslow & Pratt. 

1Report on Sewage Test. Sta. 1911; 86 to 90; ‘Report Geo. M. Wisner, Sanit. Dist. Chicago. 
‘Sewage Sludge, p. 180. 
5Report Royal Com. Sew. Disp. 

V. App. VIII, p. 9. 


VOLUME AND WEIGHT 


In general it may be said that plain sedimentation will produce from 4 to 7 cubic 
yards of sludge of from 87 to 93 per cent. moisture; septic tanks 1.5 to 3 cubic yards 
of from 80 to 90 per cent. moisture; Emscher tanks 1 to 2.5 cubic yards of from 75 to 
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&5 per cent. moisture, and chemical precipitation tanks 20 to 25 cu. yds. of from 86 to 
92 per cent. moisture per million gallons of sewage. Some examples are given in 
Table LXXI. 


TABLE LXXI 


PER CENT. MOISTURE PRODUCED BY PLAIN SEDIMENTATION, SCIENTIFIC TREATMENT AND 
CHEMICAL PRECIPITATION 





For Plain Sedimentation* 


Cubic Yards per | Cubic Yards per 1,000 





Million Gallons Population Daily 
PORPHE PUP E Se fo.5 dy 5.4 «he uso) val ous eae ca daca ts 16.3 .930 
Preneee ae ere os Serre oe cree as 10.9 .655 
MERION eg Pe. anne cca eaton eck or 9.9 .301 
PRAOR ONE aise ik ee os Pehle Aes Beles ahs 10.9 .877 
RRM ae esc hon ane col ua ds yok axt'n ks 23.8 .628 
é ef MR AOR GS ee Gs eee CATT eee 8 3.3 
OR et oe nt Gas. os acs hain 4.7 to 6.31 
For Septic Treatment* 
Ripmehenteryin Seah aite ee ie se t's seins cated 12.0 0.62 
PCPS UOTE REE Boi fo tcl. Rion acs ecb awed ee ie 7.9 
[ii cierie 21 (OREO) SRE ve cae re ane Coane aaa 4.36 
LUE ICE SA easy nen at one 16.85 
STS Oe Re es NERD ae 18.6. 0.50 
0 eT oe ol eS a A nN eo 8.2 0.10 
For Chemically Precipitated Sludge§ 
RAMIQOHAG SL es CTS Oe ons ee Raa Re 25.2 
(ACUTE » 3nd by nv eRe aoa CF AC ae 45.6 
(hy cicitt HSE Se RON ceed eA marten, Aametnar eter? 19.4 
UN Bo a on) A en gc ee eee 14.2 
PNGVICOMOO a WE 20s, hha tk. cha Rinna daar Bunt 19.4 
3 





*Sewage Sludge, Elsner, Spiller, Allen, pages 18-19. 

tSewage Sludge, Elsner, Spiller, Allen, page 217. 

tReport on Sewage Testing Station, Bureau of Surveys, Phila., 1911, page 161. 
§Sewage Disposal, Fuller, page 93. 


Koelle** gives for Frankfort, with 92,000 inhabitants, 335,000 cu. m. of sludge or 
274 cu. yds. per 1,000 persons. Dunbar estimates that the weight of sludge produced 
per year from the sewage of 1,000 persons will be 110 tons by plain sedimentation and 
three times this amount by chemical precipitation.}+ 

As to weight, undecomposed sludge and chemically precipitated sludge are taken 
to have the weights given in Tables Nos. LX XII and LXXIII. 


**Guide to some of the public works to Frankfort-on-the-Main—Koelle. 
ttPrinciples of sewage treatment, Dr. Dunbar and H. T. Calvert, 1908, page 262. 
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TABLE LXXII 


WEIGHT OF CHEMICALLY PRECIPITATED SLUDGE* 


Tons per Moisture, per 
Million Gallons cent 
Strong European sewag@es:. oo. sss: «ca naisi age 40 Ri eee ae 25-35 90 
American. c62. Je 8a A ne ee 15-20 90 
Loudon BeWAGG. Mio o ei views bef oe en eee 30 91 
Worcester sewage. ino sica.6s = Ses cussaenas aoe eet 20.6 . 93 
Providence sewage: oo 0G Se. bo ee ee ee 16.5 91.6 


TABLE LXXITI 


APPROXIMATE WEIGHT AND VOLUME OF ONE CUBIC YARD OF WET UNDECOMPOSED 


SLUDGE} 
Specific Gravity 
Per Cent. 1.02 1.04 1.06 
Moisture mh : a SS ee 
Pounds, per | Cubic Yards | Pounds, per | Cubic Yards | Pounds, per | Cubic Yards 
Cubic Yard Per Ton Cubie Yard per Ton Cubic Yard per Ton 
LOO Secreta 1685 1.190 1685 1.190 1685 1.190 
i oe aie 1700 1.176 1720 1.163 1735 1.149 
00 ei eee teers 1720 1.163 1755 1.136 1785 1.124 
S523 eee 1735 1.149 1785 1.124 1835 1.087 
SONS ace 1755 1.136 1820 1.099 1905 1.053 





= SS 


*Sewage Disposal—Kinnicutt, Winslow and Pratt, page 167. 
tSewage Disposal—Fuller, page 447. 


DISPOSAL OF SLUDGE 


The simplest and most satisfactory methods of disposition are irrigation and air 
. drying. 

Irrigation with Wet Sludge. The wet sludge may be applied directly to the land 
in a way similar to sewage irrigation. It can be run into trenches, covered with 2 or 
3 inches of soil and the land used the succeeding year or two for cultivation. The size 
and arrangement of the trenches depends largely upon the absorptive properties of 
the soil. Under favorable conditions trenches may be 2 or 3 feet wide, 12 to 20 inches 
deep and about 5 feet apart. 

At Birmingham about 3,000 lin. ft. of trench 3 ft. wide on top and 18 inches deep 
were required daily to dispose of 1,000 short tons of sludge (94.5% moisture). By cul- 
tivation during the intervening time the operation could be repeated in from 18 


months to 2 years. 


The Royal Commission on Sewage Disposal estimates the area required as shown 
in Table No. LXXIV. 
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TABLE LXXIV 
AREA REQUIRED FOR DISPOSING OF SLUDGE BY IRRIGATION 


Tons 90% Water Area Required per 


per Million Million Gallons 
Gallons Daily—Acres 
With plain sedimentation (continual flow).............. 10.1 3.68 
WAR BEDMOG TANKS oft ne tts. okie aes aes Les eu ae Re 6.0 2.17 
With chemical precipitation (continual flow)........... 14.7 5.32 


General figures relating to sludge should be used with caution, as much depends 
on the climate, the character of the soil and its treatment, and the character of the 
sludge, jaside from its moisture. 

The disposal of sludge by burying is often preceded by allowing it to flow upon 
drying beds and into lagoons in order to reduce the water content; in this way some 
saving is effected in the land required for the final disposition. In many cases 
lagoons and drying beds afford all the preparation which the sludge receives before it 
is disposed of by dumping upon low-lying land. The figures shown in Table LX XIV 
apply particularly to treatment on drying beds and in lagoons preparatory to removal 
for the final disposition. 

The time of drying depends on the composition and condition of the sludge, the 
amount of water present, facilities for drainage, the exposure of the sludge to the 
weather, humidity and wind. 

To be spadable, sludge must not contain much over 60 or 70 per cent. of moisture. 
Plain settled sludge usually requires 6 to 8 weeks in summer and 6 months in cold 
weather and septic tank sludge takes 2 weeks in good weather and Emscher tank 
sludge usually about 5 days to dry to this state under favorable conditions. 

About one acre per million gallons of sewage is a fair allowance for sludge 
drying. 

It may be said, in general, that there is no revenue to be expected from any of 
these methods of air-drying. If plenty of suitable land is available, there will be a 
certain economy in using the sludge so dried as a fertilizer, but no results compar- 
able with those obtained from artificial fertilizers can be looked for, and this method 
is usually only applicable to small plants. There are several reasons for this. In 
order to be efficiently used as fertilizer, the sludge should be furnished only as re- 
quired. The large volume of moisture which fresh sludge contains renders initial 
drying desirable and in this case there is expense for handling. The grease contained 
also prevents the useful ingredients of sludge from being readily assimilated. 

Unless derived from septic or Emscher tanks or buried in trenches, there is almost 
certain to be an evolution of foul gases and odors and the nuisance of flies, besides 
which the liquids draining off are so offensive as to require treatment. Mr. Watson 
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has found bleach useful in preventing the occurrence of odors and flies at Birming- 
ham. He has applied it at the rate of 30 lbs. of bleach containing 36.35 per cent. 
available Cl per 100 cu. yds. of sludge. At Biebrich, Germany, from .1 to .2 gallons 
of “facilol,” and at Frankfort from .1 to .2 gallons of “facilol” per sq. yd. of exposed 
surface of sludge has proved effective. Facilol is an oil having a specific gravity 
equal to 0.79 and costs there 131% cents per gallon. A covering of peat has sometimes 
been found to be a good deodorizer for sludge. At Cassell, 7 pounds of lime per cu. 
yd. of sludge was found a good preventive for flies although reducing the value of 
the sludge as a fertilizer. In spite of efforts made to the contrary, sludge beds almost 


always prove to be a nuisance. 


The cost of air-drying septic sludge at Birmingham by spreading on land pre- 
viously plowed is stated by the Royal Commission on Sewage Disposal in its Fifth 
Report to have been, for the Saltley MOEEe, 2.67 cents per ton and for the Minworth 
‘Works, 2.40 cents per ton. 


PRESSED SLUDGE 


When it is desired to remove the greatest practicable amount of suspended solids 
and colloidal matter from sewage, recourse may be had to chemical precipitation. - 
This process is particularly applicable to sewage which contains trade waste which 
makes it difficult to treat satisfactorily by plain sedimentation. The sludge obtained 
from chemical precipitation plants may be concentrated by pressure in filter presses 
in. the form of cakes, the contained moisture being reduced to about 60 per cent. 

The moisture contained in sludge cake can be reduced by air-drying and by heat. 
When kept protected from rain and sun, sludge cake remains inoffensive and, after 
air-drying, may be used for filling in land. 

Sludge from plain sedimentation or when containing much grease cannot be 
readily pressed; in the former case passing through the filter cloths and in the latter 
clogging them. Even with sludge produced by chemical precipitation, it is often neces- 
sary to add 8 or 10 lbs. of lime per cubic yard of sludge before pressing. This adds to 
the cost of the process and increases the bulk to be disposed of. 

It has been stated that septic or digested sludges may be pressed without difficulty, 
but evidence furnished the Royal Commission on Sewage Disposal and presented in its 
Fifth Report seems to refute this claim. Digested sludge, nevertheless, drains and 
dries with much less difficulty than does fresh sludge and less nuisance is caused by it. 

The following are a few examples of works in which sewage sludge is pressed. 

Worcester, Mass. Here the sewage contains much trade waste from wire mills, 


foundries and tanneries and is normally acid. The sludge, containing 92.4 per cent. 
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moisture, is first dosed with from 6 to 10 lbs. of lime per cubic yard and then sub- 
jected to a pressure of 80 lbs. per square inch. The cake produced in 1910, of 69.4 
per cent. moisture, amounted to 3.7 tons per million gallons of sewage or 0.167 ton per 
cubie yard wet sludge. 

Providence, R. I. The sewage contains wastes from wool washing, dyeing and 
bleaching establishments. In the year 1911, 4,657 million gallons were treated chem- 
ically, producing about 124,000 cu. yds. of sludge, or 26.6 cu. yds. containing 92.57 
per cent. water per million gallons of sewage. Of this, 101,500 cu. yds. were pressed 
after the addition of 10.9 lbs. of lime per cubic yard of sludge. There are 18 presses ; 
the pressure used varies from 60 to 80 lbs, per square inch. There were 28,819 tons of 
cake produced in 1911, which is equivalent to .284 ton per cubic yard of wet sludge. 

Glasgow, Scotland (Dalmarnock Works). The sewage contains much trade waste 
from chemical, textile, iron, paper and cotton works, is variable in character and diffi- 
cult to treat. The chemicals used for precipitation are lime, sulphate of iron, nitrate 
of soda and sulphuric acid. Two and three-quarter tons or 314 cu. yds. of sludge con- 
taining 90 per cent. moisture are produced per million gallons of sewage.* This is 
pressed to a state in which it contains 66 per cent. moisture. 

Bradford, England (Esholt Works). Bradford is at the center of the English 
woolen industry and the sewage is very foul, containing large quantities of grease, 
soap and suspended solids. The following analysis of the sewage gives some of the 


principal ingredients in parts per million: 


RMS DONC CURIA DL ET he ys cit er Gone aaa abn dia ac hea wi nisoa see a Oe 800 
COTES Wate UP TSE SPOS 7 2 pa 1s (il aA AR ee AR poe een, aa ar 1,300 
WOT TAMICSINALLCTAINGSOLUILION. Aotets cuss ercteeca suchen a lente chee io cites al oe 670 

TOASOmre es tre hegee tet mor kramer ches cetera s 615 Siecelioiel vata’ s. cil algTela aaa uel a 440 


The sludge is produced by treating the sewage with sulphuric acid, 3 long tons per 
million imperial gallons of sewage being the proportion of chemical used. When 
drawn from the tanks, the sludge contains 80 per cent. moisture. It is then passed 
through a 14-inch bar screen, heated by steam and pressed at 60 lbs. per square inch. 
One hundred and thirty-two presses are required to handle the 670 tons of wet sludge 
produced daily. The pressed cake has about 28 per cent. moisture and contains com- 
paratively little grease, which passes off while warm with the drainage water. 

. Spandau, Germany. The daily flow of sewage to the Spandau plant is 2,400,000 
gallons per day from 80,000 inhabitants; it includes some trade wastes. It is, accord- 
ing to American standards, a very strong sewage, containing over 1,000 parts per 


million of solids in suspension. It is treated as follows by what is known as the 
Degener process. 


In the Degener process brown coal or lignite is first rough-ground, put through 
*Sewage Disposal, Kinnicutt, Winslow & Pratt, p. 99. 
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a fine grinding mill and then mixed with water. It passes to a tank where more water 
and sulphate of alumina are added and then by a trough with baffles to one of five 
vertical sewage settling tanks or towers of steel, each containing a conical baffle 
and a mechanically-operated stirrer. Sedimentation takes place in the steel towers, 
removing 90 per cent. of the suspended solids and producing 10.4 tons of sludge per 
million gallons of the original sewage. This reduces its moisture to 60 per cent. The 
sludge is then filter-pressed under a pressure of from 60 to 80 lbs. per square inch for 
20 hours, after which it is removed to tip cars which are waiting. The sludge cake 
is practically odorless and from 114 to 24% inches thick. There is a noticeable ab- 
sence of odor about the plant and the effluent which passes to the river Havel is clear. 

Cost of Pressing. The cost of pressing sludge is usually combined with the cost 
of precipitation in consequence of which it is difficult to ascertain its cost separately. 

At Providence, in 1910, the cost of precipitation was $3.11 and the cost of sludge 
disposal was $4.06 per million gallons sewage. The cost of pressing the sludge was 
$2.62 per ton of solids. 

At Worcester, in 1910, the total cost of precipitation and disposal was $4.53 per 
million gallons of sewage or $3.88 per ton of solids. 

At Glasgow, in the year 1911-1912, there were produced per million gallons of 
sewage 36.7 tons of wet sludge and 6.88 tons of pressed cake at a cost of $2.22 per 
million gallons of sewage or 39 cents per ton of cake. 

At Spandau, the lignite (at $1.10 per ton) and the sulphate of alumina cost 
$8,400 per annum, $9.60 per million gallons of sewage and $0.94 per ton of wet sludge. 
The costs of operation are $21,500 per annum, $24.50 per million gallons of sewage 
and $2.35 per ton of wet sludge. About 634 tons of lignite and 1,600 lbs. of sulphate 
of alumina are required per million gallons. The cost per inhabitant per year is 33.1 
cents. 

The cost of pressing varies greatly, depending largely on the cost of the lime or 
other chemicals and the nature of the sludge. It also depends on the size of the plant. 
Experience in pressing has been more extensive in England than elsewhere, in conse- 
quence of which peculiar value attaches to the opinions reached by the Royal Com- 
mission on Sewage Disposal in regard to this subject. 

Hlsner gives the cost of pressing sludge in Germany as from 6314 to 85 cents 
per ton of cake; Reichle and Thiesing (without the addition of lime, but including 
fixed charges) 49 cents under favorable conditions, while Schiele estimates the cost 
under English conditions at from 42 cents to $1.28 per ton. According to Moore and 
Silcock, in their “Sanitary Engineering,” the cost of pressing, per ton of wet sludge, 
is, exclusive of fixed charges, 24.2 cents at Manchester. According to Raikes, in his 
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“Sewage Disposal Works,” a complete plant sufficient to press 33 tons per day costs 
in England about $3,900 and the cost of pressing varies from 714 to 11 cents per ton 
of wet sludge or from 4314 to 541% cents per ton of cake. 

According to George C. Whipple, the value of pressed sludge is seldom equal 
to the cost of the lime and pressing. When taken by farmers it sometimes about 


pays for these charges, but otherwise there is a loss. 


CENTRIFUGALIZED SLUDGE 


Centrifugal machines for drying sludge require less space and auxiliary machin- 
ery than presses and have the further advantage of not requiring the addition of lime 
or heat for their proper operation. 

A centrifugal sludge machine has been designed after much experimentation in 
Germany by Stadtbaumeister Schaefer of Frankfort. It is now in operation at 
Frankfort, Hanover and Harburg. In operation, the sludge passes through a 0.4- 
inch screen to an elevated storage tank, from which it is admitted to the rotating 
chambers of the machine. A period of 2144 to 3 minutes is required to complete the 
cycle of filling, dewatering and emptying the sludge. The product contains from 60 
to 70 per cent. moisture. Once in about 10 minutes the interior of the machine is 
cleaned by flushing with water. 

Hanover. The data contained in Table LXXV have been furnished by the manu- 
facturers of the centrifugal machines used at Hanover. 


TABLE LXXV 


Cost OF CENTRIFUGALIZING SLUDGE AT HANOVER 


ETT rete eter oe oe rN Ui aa ie (a: lel gicge sha’ ha, os brfaey 280,000 

PMRRC DOLBY se crt se Re ieaie ee lerale rns «6 dite tekeca sis oS fin Ripe oe 6 7,920,000 gallons 

OR IBEIG: DOL AAV seta oe at adie se Goes otis sigh mad ahis slew sioicn 24 130 to 195 cubic yards 
OMMILIIg CTICULBIUGRO oss aalotea er ctiaes ss eeR Ree teed eet sen ee teas 2.62 to 3.92 cubic yards 
Number of centrifugal machines..................seceevcesveeves 4 


Cost, per Month 





DA MERIMIAtS (RY ANG MICWE BING) sence se eh soe bao salsa bleie'e «viet die We sre tiara leis lebake: ogg ad ale $136 .25 

Marr ere (lOP GL ViNe MACHINE) fee 18 ete hs etry ooo ele oa iis: d-ao-e' baie ldis wl ti'g'e Be ble ale 62.50 

SRM ROCRGE WAS CEROTAUOTE) ON an criti te Se teas het» inte: d wlule' ea vids a ms SA ee Male) oxy SNe 82.50 

Electric current (for lighting and for circulating pump)................-....+e0000- 40.00 

Oil and waste-cleaning tanks, etc. (2 men in day shift).............. 0... ese e eee e eee 43.75 
ROE Son TOR AUS Eo ROO eae ire an, aiyss arose aiale arate su Wire + we Broreial yok hie weno $405 .00 

From the above, we have— 

Cost: per head of population daily.......6..0 6650. c es cece ese cae eseee 0.005 cents 

Cost per million gallons of sewage............00sccecceccesscences $1.70 

Cost per cubic yard of wet sludge.............0cceccecceeewecenes 6.88 to 10.3 cents 

Cost per cubic yard of dried material....................0e eee eee 33.7 to 51.6 cents 


Frankfort. At Frankfort there are 8 machines, each having a capacity of about 
4 cu. yds. of wet sludge and turning out from 660 to 1,000 lbs. of dried product per 


hour. Six of these are usually in operation, two being held in reserve. They deal 
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with 325 cu. yds. of wet sludge per day of 10 hours. The moisture is reduced from 90 
per cent. in the raw sludge to from 50 per cent. to 70 per cent. in the product; the 
volume is reduced from one-seventh to one-fifth of the volume of the raw sludge. The 
cost of operation is from 9 to 15 cents per cubic yard of wet sludge. 

These figures compare favorably with those for sludge pressing, especially when 
the cost of land, plant and chemicals and the volume of dried material in each case 
are taken into account; but the effluent is not so well clarified as when precipitation 


is resorted to nor is the moisture reduced to the same extent. 


DRYING SLUDGE BY HEAT 


Although sludge may be dried directly by heat, it is usually cheaper first to reduce 
the moisture to 50 per cent. or 60 per cent. either by pressing or centrifugalizing it. 
The object of drying is generally to reduce the bulk and weight so that the sludge may 
be transported conveniently and to prevent putrefactive changes. Sometimes the 
principal aim is to obtain a product that can be utilized more readily than crude 
sludge. . | 

It is not common to dry beyond 50 per cent. moisture by pressing. Drying by 
heat is practiced at the Dalmarnock works at Glasgow, Scotland, at Bradford, Old: 
ham, Norwich and Kingston, England. 

At Glasgow the sludge cake is raised by an elevator and delivered through a chute 
to a dryer consisting of an inclined plate heated by a furnace. By an iron scraper 
shaped like the letter L, the material is gradually pushed down the plate to the lower 
end and then carried by a screw conveyor to a 14-inch mesh screen which revolves on 
a horizonal axis. The screen is 86 inches long, about 18-inches diameter at one end 
and 24 inches at the other. The coarse material retained by the screen is conveyed to 
the hot inclined plate and passes over it again. The dried ‘and screened material goes 
to a pug mill where it is ground to powder. It is then known as “Globe Fertilizer.” 
Two analyses of this fertilizer given in the Fifth Report of the Royal Commission are 
contained in Table LX XVI. 


TABLE LXXVI 


COMPOSITION OF GLOBE FERTILIZER PRODUCED AT GLASGOW 








Per Cent. Per Cent. 
Moisture’ (at‘ahout 110° C.)...ccen-c oon bene ee ee ee 22.51 18.60 
Volatile, matter 5.24664. Shand Meu tee ee eee 33.98 35 .20 
Non:volatile matter... 05.2. 460 eee eee 43.51 , 46.20 
100.00 100.00 


The cost of producing Globe Fertilizer, excluding the cost of pressing, is $1.20 


per ton. 
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At Bradford about a quarter of the sludge cake from the presses, or enough to 
supply the demand, is dried and sold to a fertilizer company. The cake is first broken 
up in a simple mill and is then dried from 50 per cent. to about 10 per cent. moisture 
in a rotary dryer. The dryer consists of two concentric horizontal steel cylinders. 
The sludge cake is fed to the annular space between the cylinders at one end and de- 
livered in a dried condition to an elevator at the other end. The hot gases from a 
furnace enter the central cylinder at the same end as the sludge, are cooled from per- 
haps 1400° to 250° in the passage and return through the annular space containing 
the sludge. In the return the gases are cooled to 100° if forced draught is employed 
and the sludge heated to about 212°. The loss of heat in the exhaust is but about 7 
per cent. and:the efficiency of the plant, based upon the calorific value of the fuel, some 
70 or 75 per cent. In a test lasting 96 hours the cost for fuel and labor was $12.94 | 
or 33.6 cents per ton. If the first cost of the dryer is taken at $4,000, the fixed charges 
at 5 per cent. and the capacity at 40 tons of product per 10 hours, we may estimate the 
total cost per ton dried from 50 per cent. to 10 per cent. moisture, as indicated in 
Table LX XVII. 


TABLE LXXVII 
COST OF THE FERTILIZER PRODUCED AT BRADFORD 


Operating costs: 











Ma MAGE DCE COTE tte AiR Secs os nine Fos cas sgeomulbedbecyans 38 cents 
mioker ab 200 per HOWE ci pve ln cin ce yes sects e eee e meee meee tater scenes Bla 
Man feeding and delivering at 20c. per hour................. 00 cee eee cc edecees hae 
Oil, Waste and Miscellaneous expenses: ...............0 sees e cece eee e ee eneee sa 
~<a 
53 cents 
4000x .05 mae 
“Fixed Charges...........: Be coat eine tiads i ok Sete hs 365x 40 55 cents 


The material as delivered is in the form of small pellets the size of pears which 


are inodorous and non-putrefactive. , 
Kingston-on-Thames. As stated in the Fifth Report of the Royal Commission on 


Sewage Disposal the sewage is treated with alumino-ferric, blood, charcoal and clay. 
The sludge is pressed, dried, passed through a sieve, dried further and is then known 
as “Native Guano.” The precipitation and sludge disposal cost 4214 cents per capita 


annually. Two samples analyzed are shown in Table LXXVIII. 


TABLE LXXVIII 


COMPOSITION OF FERTILIZER PRODUCED AT KINGSTON-ON-THAMES 


Per Cent. Per Cent 
IMGISbUTeh eee ete th, crs one cron oiele airataro love mais Pines sua biel ee 25 .87 10.19 
VO lati lerinAtGer onset cn te tien chs eat ee ee a oh cb scesbenaode 37.99 45 .08 
INOn-Volatilematter ae pie cet ee see oe ae Rn ea 36.14 44.73 
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DESTRUCTIVE DISTILLATION OF SLUDGE 


By raising the temperature of sludge sufficiently, the organic constituents can be 
volatilized, leaving the residue, which is largely mineral. This treatment is carried 
out at Oldham by a process known as Watson and Butterfield’s Patent Sludge 
Distilling Process. The sludge dried so as to contain not over 20 per cent. of water, 
is put in a retort and heated to from 1500° to 1800° Fahr. The volatilized products 
are passed through a condenser and then through a scrubber which extracts the mois- 
ture, oil, tar and ammonia. The inflammable gas which remains is passed into the 
combustion chamber of the retort and there burnt. Steam is blown into the retort, 
near the bottom, and in passing through the hot zone in the retort it reacts on the car- 
bonaceous material in the sludge, and in the presence of lime and at the high tem- 
perature there existing, the nitrogen in the sludge is evolved as ammonia. 

The Royal Commission estimate the cost of pressing and burning sludge at Old- 
ham, including fixed charges, at 3214 cents per ton of wet sludge (containing 90 per 


cent. of water) or, say, double the cost of pressing alone. 


PRODUCTION OF FERTILIZER 


Elsner* gives the nitrogen and phosphoric acid in sludge as each comprising about 
1.5 per cent. and the potash as 0.5 per cent. of the dried material of settled sludge. He 
estimates their theoretical value at— 


28 cts. per cu. yd. of wet sludge (containing 90 per cent. water). 


$1.10 per cu. yd. of dry sludge (containing 60 per cent. water). 


Elsner also estimates that sludge to the value of $14.30 to $19.00 per day is produced 
by every 1,000,000 inhabitants, but points out that these figures are only possible theo- 
retically. On the basis of 28 cents per cubic yard, as above, and an output of 0.786 
cubic yards daily for each 1,000 persons, he estimates that an annual revenue of $78.50 
could be derived from the utilization of sludge which would cover a part or, in excep- 
tional cases, perhaps the entire cost of operating a plant for the production of 
fertilizer. 

Ammonia is usually the most valuable fertilizing ingredient, amounting to 10 
Ibs. per capita per annum, worth, according to F. N. Taylor, $1.62. 

Tidy, quoted by Rideal in his “Sewage,” 1901, estimates the value of the components 
of 1,000 long tons of London crude sludge as shown in Table LX XIX. | 
 Wagewnet otto: Elsner, Spillner, Allen—p. 83. 
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TABLE LXXIX 


COMPOSITION OF SLUDGE FROM LONDON SEWAGE 


Pounds Price per Pound 
FAININONID AAG sce te tetas octet. Te Rn ne 219 .37 14.2c. 
Phosphoric acid: 
SOU DIG Reece Mary loa a eons sitet iat ovia eels sie ae 27.61 8.1 
TIBOUID ICME ee rte ie orien cn olsen ots cise cohen Moe 24.20 4.0 
TEAR DEL. 3b, aig teenage Og eee, Senate, AEE 50.65 6.1 


Resulting in a total value of 314 cents per ton. 


Professor Robinson, also quoted by Rideal, estimates the value of air-dried English 
sludge as shown in Table LX XX. 


TABLE LXXX 


VALUE OF AIR-DRIED ENGLISH SLUDGE 





Moisture Phosphate Nitrogen Value per 


of Lime Ton 

Naik ole wae, ve ks > eg eo aes - 1879 12.60 4.61 1.60 $6.27 
DRM INE. nls oko a eee tk sce ecccnees 1879 13.16 1.57 0.49 2.48 
SOLO OTe elon cee icc ccctle sobs suclses eles 1879 14.34 1.35 0.61 2.90 
STHHEGLUMI ERC. Teton cc anda tite astemacd 1879 6.92 1.59 0.66 3.33 
ee ee aes ces vis cuba ees geaesas 1879 10.04 4.52 1.27 5.90 
ee ee cota sg ote ehig nore ates 1876 9.56 1.39 0.66 3.08 
DICES COLA Cee iatons sca gee cabatslegnebeniae 1879 11.93 2.64 1.08 4.68 
VISIR EGS 50 3 oa SIRS ES OEE cee aE aa 1877 11.76 1.90 0.52 2.48 


In 1907 the Royal Agricultural Society of England carried out an extended series 
of trials with seven different kinds of partly dried sewage sludge supplied them by 
the Royal Commission on Sewage Disposal. These experiments were continued for 
two years. One kind of sludge was compared with another in growing wheat and these 
were compared with artificial equivalents in the shape of fertilizers. As a result of 
the two years’ work, substantially the following conclusions were reached, as stated 
by Voelcker in the Fifth Report of the Royal Commission on Sewage Disposal: 

1. The sludges when used so as to supply 40 Ibs. of nitrogen per acre in- 
creased the grain and straw of wheat 10 to 12 per cent. above unmanured 
produce. 

2. The increase will be 5 or 6 per cent. less than the increase obtained with 
artificial equivalents supplying the same constituents in equal amounts. 

3. Practically all the benefit is imparted to the first crop and little is left 
for a second. 

4. The best sludges were moist and contained much lime. 

5. The nitrogenous organic matter is not the determining factor in the 
value of sewage sludge: It is in an inert condition which requires lime to bring 
it into action. 
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6. Two dollars and a half per ton is an outside figure for the value on the 
farm of the sludges used (moisture 1.55 to 38.5 per cent.; nitrogen 0.53 to 
2.24 per cent. and lime 3.87 to 26.67 per cent.). 

At Hanover and Harburg partially air-dried sludge brings 24 cents for a two-horse 
load or 12 cents per cubic yard and at Unna septic sludge brings 36 cents per load. 
Apparently the demand is not sufficient to take all that is produced. 

Probably the best form in which to prepare sludge as a fertilizer is by drying and 
grinding as practiced at Glasgow, Bradford and Kingston. 

At Glasgow, Globe Fertilizer sells for $1.95 to $2.40 per ton in bulk or $3.40 in 
bags, but the demand does not equal the supply. 

According to the manufacturer of the dryer used at Bradford, the price of the 
dried product is $2.17 per ton of material dried to 10 per cent. moisture, whereas 
formerly it cost $1.21 per ton to dispose of the cake. This cost was equivalent to 
$1.62 per ton of material with 10 per cent. moisture, making the saving on 38.4 tons 
at $3.79 = $145.54 per day. Deducting $12.94 for labor and fuel, the net profit from 
drying appears to be $132.60 per day or $48,000 per annum. Table LXXXI gives two 
analyses of the dried sludge. 


TABLE LXXXI 


COMPOSITION OF THE DRIED SLUDGE AT BRADFORD 





I II 
Per Cent. Per Cent. 

Moisture. 4:5:220% id (eee Ree eae 10.00 Nitrogen. .:1<s.aee eee 2.61 
Ammonia.) ie covet ceanen ia een tek 2.61 Phosphoric acid.......... 0.11 
Phosphoric acid csn.naticcvets ao ltlndkroe cet Un 31 Potaagh ©, a. fast ee 0.31 
Equivalent of bone phosphate.......... : .66 
Potash .::. «'s «aice Se pies tet eee ie os 24 
Grease, -. 53.0 wen nee ees oe 14.50 
Non-fertilizing material................. 71.68 

100.00 


The valuations based on these analyses were $6.76 and $10.79 per ton, respectively. 
The cost of preparation is roughly estimated as shown in Table LX XXII. 


TABLE LXXXII 


Cost OF PREPARING THE FERTILIZER AT BRADFORD 


Presainig’.. «3g the.+scit 4, sig « Risadennes onal ane eee pee eer es $0.80 
1D 511): Senne seme ithe Sa < esr eae Mola -Sier See .40 
GrindIng. 0.52 ge ea one Ree Oe ee ee en ee tates 15 
Bagging... os Peis oa be oe Ot oe CA ee ee nt ee eee 15 
Depreciation, ete :-2::../:s5iig veges ee ee cere ee 10 





$1.60 per ton 


The freight on the material to America is $3.50 per ton, where it is said to sell for 
$5.50 per ton. 
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At Boston a sludge has been obtained containing about 23 per cent. grease when 
dried to 5 per cent. moisture. The ammonia amounts to about 3 per cent. By ex- 
tracting the grease with naphtha the ammonia content is raised to about 5 per cent., 
producing a fertilizer of value. A sample containing 5.26 per cent. was analyzed at 
the Massachusetts Agricultural College and appraised at $16 per ton. 

At Norwich, England, a trial is being made with the “Echlenberg” process by 
which the wet sludge is blown through a 3-inch pipe located in the center of a 5-inch 
pipe. The sludge, introduced into the opposite end of the larger pipe flows toward 
the steam supply and is drawn through the smaller pipe with the steam and is in this 
way heated nearly to the boiling point. It is then readily pressed to 50 per cent. 
moisture and dried in a Ruggles-Coles dryer, the product being sold at about $3.80 
per ton. 

In some situations there is sufficient local demand to dispose of sludge cake to 
farmers without cost and perhaps with a little return. This is the case at Glasgow 
and Bradford. Elsner states that in England 18 cents per cubic yard is sometimes 
paid for its removal. At Halifax, England, about one-tenth of the cake is given away 
and the rest buried in the ground. At Bradford, the cake sells for 74 cents a ton, 
rough ground cake for $1.41 and fine ground material for $2.28 a ton. At Spandau 
the cake brings but 5 cents a cubic yard. At Manchester, the humus from contact 
beds is dried on floors, ground and sold for $5.43 per ton. 

At Bockenheim, pulverizing in a rotary drum at 212° Fahr. and drying to 5.15 per 
cent. moisture was tried, but the cost of fuel ($6.48) per ton of poudrette was greater 
than the value of the material itself. 

In a general way it may be said that under favorable conditions as to transporta- 
tion a sludge containing 50 per cent. moisture, whose dried material contains 3 per 
cent. of ammonia and less than 10 per cent. grease, might be further dried, ground and 
sold as a filler for fertilizer with some slight profit in the case of large works; but that 
no other than an occasional and uncertain offset to a part of the cost of operation can 
be looked for even under favorable circumstances from the sale of sludge in the form 
of crude cake or containing over 30 or 35 per cent. of moisture. 

Mr. John D. Watson, of Birmingham, in an address published in the Surveyor, 
January 9, 1914, describes a process for the concentration of sewage sludge which has 
been experimented with at Dublin, Ireland, with the object of producing a fertilizer. 

Brewery yeast is added to the sludge and the latter is heated, whereupon rapid 
fermentation occurs and the molecular condition of the mass is changed so that it 
readily parts with its excess water. The fermentation takes place in troughs 50 feet 
long by 4 feet wide, holding about 3,000 gallons each. The sludge is heated before 
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being delivered to these troughs and is kept at a temperature of 90° Fahr. in them 
for 24 hours. After fermentation, the water is drawn off from below, the sludge being 
reduced to about one-quarter of its original volume. A compound of phosphate and 
potash is then added, weight for weight, and the mass is dried in a cylindrical, vertical 
casing containing a series of arms and platforms revolving upon: a center shaft. The 
platforms have large perforations in the shape of sectors and the mixture, which is 
fed in at the top, gradually falls through the drier to an outlet at the bottom. Air 
at a temperature of about 450° Fahr. is blown in at the bottom and passes out at the 
top. The dried product falls into a disintegrator consisting of a revolving paddle 
which beats up the product into a powder which is finally blown out at one end of the 
machine by a draft of hot air. 


RECOVERY OF THE GREASE IN SLUDGE 


_ Grease, while one of the most objectionable ingredients of sludge when used as 
fertilizer, is one of the most valuable when in sufficient quantity to warrant its extrac- 
tion. The amount of grease found in (German) sewage is estimated by Dr. Beckhold 
quoted by Rideal in his “Sewage” at 8 lbs. per capita each year. The same author 
states that grease varies in sludge from 3 per cent. to 27 per cent., reaching, in scum, 
80 per cent. In the dried sludge of several German towns, it ranged from 10 per cent. 
to 20 per cent. The sludge from Emscher tanks contains from 3 per cent. to 7 per cent. 
in the case of Essen-N. W. and Bochum. Where produced in large quantities, as 
at slaughterhouses, restaurants, wool scouring works, etc., it would seem that the grease 
could profitably be recovered at the source and sold. 

The works at Bradford furnish perhaps the best example of the recovery of grease. 
The sewage, which is about one-tenth wool-scouring liquor, contains 440 parts per mil- 
lion of grease. The sludge, which contains 7.43 per cent. grease, is first treated with 
sulphuric acid and then heated to about 212° Fahr. The grease is mostly pressed out 
with the hot press liquor. From the presses, it goes to separating vats where the 
water is drawn off from the bottom. Thence it passes to tanks where it is boiled 
with black oxide of manganese and sulphuric acid or other chemicals and then, after 
standing 24 hours, it is barreled or else pumped to a large storage vat. It is sold at 
from $35 to $50.50 per ton. 

For the six months ending September 30, 1907, the total cost of operation of the 
disposal works, exclusive of the Chief Engineer’s salary, interest and’ sinking fund, 
was $48,472, and the receipts for grease and fertilizer amounted to $57,067, leaving a 
net profit of $8,595, most of which may be credited to the sale of grease. 


In Germany the extraction of grease was tried at Cassel, as stated by Elsner in 
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“Sewage Sludge,” by disintegrating and drying the pressed cake, subjecting it to steam 
and then extracting the grease by benzine in an extractor holding 8144 cubic yards. 
The grease and sediment were then separated from the benzine by steam and the lat- 
ter condensed and used over. The distilled grease averaged 15 per cent. of the dried 
material in the sludge, which originally contained 18 per cent. 

The Cassel plant cost $47,600. Sixty-five cubic yards of new sludge produced 614 
cubic yards of dry sludge, 1,650 lbs. of crude grease and 990 lbs. of refined grease, 
realizing $48.20, aside from fertilizer and other products, which are valued at about 
$40 more. The refined grease is sold at 4.87 cents per pound. But in spite of the 
large return, the expenses were greater than the receipts. This was due to the first 
cost of the plant, the wages of the men required and, especially, to the large amount 
of fuel. After three years’ operation the plant was abandoned. 

From this trial at Cassel and a similar unsuccessful attempt at Frankfort, Elsner 
concludes that no profitable use can be made of benzine. It would be preferable, he 
thinks, to remove the grease mechanically from the sludge in a Kremer tank. When 
the grease is first removed in a Kremer tank, it contains 72 per cent. moisture and the 
dried material contains 45 per cent. grease. The product is placed in a perforated 
vessel for further drying and is then ready for the market. 

Elsner further concludes that a plant for this purpose is only warranted for 
towns having at least 45,000 inhabitants, while Spillner holds out the hope of a pos- 
sible profit only in those cases where the percentage of grease in the dried sludge is 
above 15 per cent. 

Grease from the Kremer apparatus at Charlottenburg is treated with bisulphate 
of potassium, charcoal and common salt and then cooked with steam. The clarified 
fat rises and the residue is disposed of with the sludge from the plant. 

If the recovery of grease is attempted, its extraction from the sewage should be 
as complete as practicable. In this way it may be possible to make the process re- 
munerative by the use of certain precipitants when it would not be so with others. 
Sulphuric acid has been mentioned in this connection as promoting precipitation of 
the dissolved or emulsified fats and yet at Bradford there remains 1414 per cent. of 
grease in the fertilizer containing 10 per cent. moisture. The grease is a detriment to 
its use as a fertilizer as well as a direct loss of an otherwise valuable product. 

Experiments which have been carried on at the Boston Drainage Works indicate 
that by the use of sulphur dioxide, the dissolved grease is “cracked” or coagulated and 
so made recoverable much more completely than in any other way. This treatment, 
moreover, renders the effluent practically odorless and sterile. 

Aside from its intrinsic value, the removal of grease is desirable in those cases 
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where sludge is to be pressed, where it is to be used as fertilizer, where it is to be 
dried and in those cases where the sewage is to be distributed by sprinklers. The 
benefits derived from its removal may properly be added to the return from the sale 


of grease in judging the economy of the entire treatment. 


THE USE OF SLUDGE AS FUEL 

Sludge after being dried has a certain value as fuel, depending on its original 
character and treatment which it has received. The percentage of moisture which the 
sludge contains is an important element in determining its value. If this is much 
over 70, combustion is not practicable and the expense of artificial drying below 50 
per cent. is not warranted unless for considerations relative to transportation or 
preparation in a marketable form. 

The British thermal units developed by the burning of sludge from various cities 
are stated in Table LX XXIII. 


TABLE LXXXIII 


HEAT UNITS DEVELOPED FROM BURNING SLUDGE 
SLUDGE FROM PLAIN PRECIPITATION 


Stuttgart s4 2. oan aaa 4( on ee TAOIBUUTO. as eee 8,035 British thermal units 
Hanover sn. cd ois: da eee 25%) GAN, ne bene, See aoe 15,870 British thermal units 
Hanover 5.05 is eee 1826 Ontash ss a eae ai ae 17,120 British thermal units 
Experiments at 
Philadelphiasve 7; sc.u cous 51.8% moisture..............>% 3,768 British thermal units 
Pinladeiphian 21a, Fis oe 34.8% volatile................ 
Experiments by 
Bredtschneider and Proskauer... 20%  volatile................ 8,730 British thermal units 


Bredtschneider and Proskauer... 30% combustible material... . 
SLUDGE FROM SEPTIC TREATMENT 


Stuttgart. x. gots acuta ae 40% moisture.,............. 6,456 British thermal units 
SLUDGE FROM LIGNITE PROCESS 

Potadam . S200... assis aren 60% ' moisture; 50.05 0.5.4, 5,950 British thermal units 

Cépenigk oof oy eee, ee 40% moisture............... 8,630 British thermal units 


Experiments on the combustion of sludge mixed with pea coal were made in 
‘Philadelphia with the results stated in Table LXXXIV, taken from the Report of 
the Sewage Testing Station, 1911. The coal contained 12,065 b. t. u. 


TABLE LXXXIV 04 


RESULTS ATTAINED ON BURNING SLUDGE AND COAL 


Coarse 


Sludge Particles Complete Partly Partly 


Removed | S#mple | Digested | Digested 





British thermal units as burnt..................0ee00e0- 
Pounds per cubic yard, broken..........50.0.e.00-0e005 
Percentage moisture: 25. Giese these ee ee 
Percentage, dry residue, volatile.................e0000- 
Pounds of coal burnt, per pound of: 
Wet Sludwesso. chic Sk eee tne ree 
Dry residues: .(7...205... oto tan ee ee Ee 
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At Worcester experiments were made in 1891 in which 45 tons of sludge, con- 
taining 46 per cent. water, were burned with three cords of wood at a total cost of $3 
per ton of dry solids; the cost was chiefly due to the handling of the material. Sludge 
with 72 per cent. water was burned at the rate of .24 tons per hour with very little 
fuel. 

Kinnicutt, Winslow and Pratt in the “Sewage Disposal’ conclude that if sludge 
contains 60 per cent. or less moisture, it may be burned, and that even with 72 per 
cent. moisture, burning is possible if great care is exercised. 

Sludge dried to 10 or 20 per cent. moisture can be briquetted and in this condi- 
tion it can be transported readily as fuel. At Bradford a briquetting machine has 
recently been installed by which the sludge not sold as fertilizer may be treated in 
this way. The machine has a capacity of five long tons per hour and requires about 
20 HP. to operate. No binder is required, possibly due to the fact that a consider- 
able percentage of grease still remains in the dry sludge. 

Sludge produced by the lignite process is well adapted to utilization as fuel. With 
the use of from 4 to 8 tons of lignite per million gallons of sewage, the pressed cake is 
combustible. The lignite process, therefore, while costly in operation has this possi- 
bility of a partial financial compensation beside producing a very clean effluent. 

A moderate amount of coal may profitably be added to ordinary partially-dried 
sludge for use under boilers. This was tried at Bradford, using one part of coal with 
seven parts of pressed cake and with forced draught. It was estimated that $4,760 
was saved in one year by this practice. 

At Huddersfield the Fifth Report of the Royal Commission on Sewage Disposal 
states that one part of coke breeze was mixed with five parts of sludge cake and burned 
at a cost of 56 cents per ton. The cost follows: 


POR DCEO ee eee ee rere od eerie ebb eternl 33 14c 
fae ong RIAN Cae Mente RO gS PET ee Sees A Ree ee OG tea Rea c 
VSS i 4a ce oy occa ee hd veh d SRR! A Gly SERS Dee a a ae 9c 


The process was found costly, but the sludge was finally disposed of. Its calo- 
rific value was certainly considerable and the clinker produced was a further asset. 

At Haling sludge was formerly first mixed with two volumes of refuse and then 
burned with four additional volumes of refuse. More recently the sludge pressed to 
60 per cent. moisture has been mixed and burned with 114 to 2 parts of refuse at a 
cost of from 36 to 40 cents. This cost is recovered by the sale of clinker, leaving a 
margin of steam for power according to Kinnicutt, Winslow and Pratt in their work 
on “Sewage Disposal.” 

At Bury from 67 to 78 tons of cake mixed with twice that amount of refuse daily 


was burned under boilers and furnished 38 HP. besides which the clinker was util- 
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ized. At Charlottenburg one part of sludge with 75 per cent. moisture mixed with 
three parts of refuse evaporated from 0.67 to 1.08 lbs. of water per pound of mixture 
when burned under boilers. 

It would appear from the experience cited above that if no more profitable use 
ean be made of partially dried sludge than depositing in dumps, as is frequently done, 
there will be a probable saving in burning it under boilers with coal. If a refuse 
destructor is accessible, then it may very well be mixed with the refuse and consumed. 
In exceptional cases, as where containing lignite which has been used as a precipitant 
or where the sewage contains much coal from mine wastes, the recovery of the 
calorific value will be yet more profitable. If the sludge contains much grease this 
should first be separated out, both for its own value and to improve the remaining 


sludge for use as fuel. 


PRODUCTION OF GAS FROM SLUDGE 


Gases Produced by Decomposition. When sludge is allowed to decompose in the 
absence of oxygen, as in a septic or Emscher tank, large quantities of inflammable 
gas are produced. The gas is a.mixture of methane, nitrogen, carbon dioxide and 
various other ingredients. The composition varies greatly and the quantity of gas 
given off depends, in large measure, upon the temperature of the sludge. 

It has been suggested that the gases be recovered and utilized but no works have 
as yet been built to carry out this idea. It would appear that its feasibility was most 
promising in the tropics. , 

According to Rideal, the chemical processes which take place in the septic tank 
are as follows: 

1. An hydrolysis of complex albuminous bodies which takes place in two 
stages: (a) conversion to a soluble form, peptonization; (b) hydrolysis of the 
peptones into amino acids, leucin, tyrosin and aromatic bodies. This process 
involves no gas formation. . 

2. Splitting up the amino acids into fatty or aromatic acids, with the for- 
mation of ammonia or nitrogen or both together. 

3. The acids formed by the split of the albumin molecules break down into 
still simpler acids. In this process hydrogen and methane are generated. 

4, The hydrolysis of urea to carbon dioxide and ammonia, which unite to 
form ammonium carbonate. | 

5. The decomposition of cellulose into fatty acids and carbon dioxide with 
the evolution of hydrogen or methane. 

6. The hydrolysis of starches, sugars and gums to butyric and lactic acids 
with the formation of carbon dioxide, hydrogen and water. 
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7. The decomposition of fats. This is practically nil under anaerobic 
conditions. 

8. The formation under the influence of bacteria of hydrogen sulphide and 
mercaptans from the sulphur in the organic molecule. 


Carbon dioxide results from the breaking down of organic acids and the decom- 
position of the cellulose and carbo-hydrates. It varies greatly in amount, ranging 
from practically 0 to over 50 per cent. of the total amount of gas, with an average 
percentage apparently of less than 20. 

The methane is sometimes over 90 per cent. of the total amount of gas, the usual 
proportion being about 70 or 80 per cent. ‘The quantity of sulphuretted hydrogen is 
very small; there is frequently a total absence of this offensive odor. There is usually 
a trace of oxygen present and a small amount, usually less than 1 per cent. of a gas 
which is absorbed by Cu. CH, and has frequently been taken for carbon monoxide. 
Blood spectrum and iodine pentoxide tests made by Jesse in a systematic examina- 
tion of the gases produced by septic tanks in Illinois led to the opinion that this gas 
was not carbon monoxide. Its identity remains unknown. There appears to be little 
or no ammonia produced. A considerable amount of nitrogen is usually given off. 
The amount may be as great as 60 per cent. or more, but is usually between 5 and 30 
per cent. 

Table LXXXV, prepared from data collected by Jesse, gives a considerable num- 
ber of analyses of gas from septic tanks and Emscher tanks. The results given are 
stated as percentages. 


TABLE LXXXV 


GASES FROM SEWAGE TANKS 








Gas 
Town CO, | 0, |APsrbed) cH, | N, | HS 
Cu,Ch 

Urbana (averages of 12 samples).......... 4 SEERA Sader. 12.28 13 45 81.02 6.14 
Champaign (averages of 3 samples).................. 27 .23 .06 .08 72.18 45 
Highland Park: 

Se ate ay hae Nee hes Se Tidcts bh Pe es ee Pe 12.18 0 .32 79.77 7.72 

Tank B (averages of 4 samples).................... 13.93 385 11 84.20 .99 

Tank C (averages of 2 samples).................... 20.3 0 0 73 .96 5.73 
Chicago: 

MICRON REDUG ls. jcuect ss es 6 ea cs Pe ae adele 8.60 0 .30 84.92 6.18 

Tank B, closed septic (averages of 2 samples) ....... 6.08 .16 34 83 .6 9.7 .06 

ON oa ge Ey es ae ee a 9.31 .62 45 83.9 5.72 
MDOCRAanCBRANK | oe ee Chek on cus testo cs chika eo « 6.42 .30 .0 60. 33 .06 22 
Winnetka (averages of 3 samples).................... 9.35 .0 44 87.12 3.09 
Lake Forest (averages of 2 samples).................. 8.5 24 .65 87.78 2.76 
Woodstock (averages of 3 samples)...................] 15.14 .08 .58 81.79 2.41 
Downers Grove (averages of 3 samples)............... 19.83 .04 Al 79.72 .003 
HEMCL AN COMET! Seon eee cleatotrsinn. eacsya ek uate aah 7.31 0 sail 80.81 11.51 
Naperville (averages of 3 samples)................... 15.43 24 41 76 .56 eo 
UE ine Alon Sa A REGIE, Uae tl EN I feet St 9.33 0 2 82.10 7.85 .04 
DeKalb (averages of 4 samples) ..................05- 28 .45 .04 .70 70.41 .40 
Collinsville: 

Dank) (averages, samples) 0.05... 22. 4. eocbewecc ns 16.53 22 .38 80.27 PAYS .20 

SMRTR ME ote Cheat Lan iy: cnchalctgin sa btuters, rent ty brawls 9.46 .09 .65 86 .00 3.80 


TE WSLS EOS ART Se UE Ree Ay A EN 11.33 15 21 87 .34 97 
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The decomposition of sludge at the bottom of rivers produces gases which do not 
differ materially from those which are produced by the putrefaction of sludge in 
tanks. 

Following are the results of analyses of gases collected from the New York harbor 


and examined for the Metropolitan Sewerage Commission. 


TABLE LXXXVI 


GASES COLLECTED FROM THE HEAVILY POLLUTED PARTS OF NEW YORK HARBOR AND 
EXAMINED 





August 11, 1911 


109th Street Dock, East River (averages of 3 samples) 


Kast 100th Street, Harlem ys, to tatu eee ae te ee eee 
East ‘of DegrawiStreet A) Ames ee Sine ees 
Hast 24th Street oo oie ee re tre Grek a Rem ee ocla ahe a eum ance 
Wallabout canal 2733.0 eh ee oe ees ee 








Recovery for Utilization. Besides grease, sludge yields appreciable volumes of 
other materials in the gaseous form on distillation. In 1910 the Massachusetts State 
Board of Health published the components found on the destructive distillation of 
400 grams of different kinds of dried sludge as stated in Table LXXXVII. 


TABLE LXXXVII 


GAS PRODUCED FROM THE DESTRUCTIVE DISTILLATION OF SLUDGE 





Cubic Feet Per Cent. 


Source Gas, per Ton 
of Sample 
CO, |Illuminant| O CO H CH, N 
Lawrence sludge*............. 4,900 4.4 2.2 0.3 30.7 34.9 18.6 9.1 
Andover sludge*.............. 6,400 7.4 15.1 0.6 14.3 22.9 34.3 5.4 
Clinton sludge*............... 9,100 8.3 6.7 0.0 20.4 33 .2 24.5 7.0 
Brockton sludge*............. 6,000 16.5 21.4 0.2 10.3 22.6 29.1 0.2 
Worcester sludgef............. 8,100 14.2 4.9 0.3 29.8 32.6 16.2 2.2 
Septic tank sludge............ 4,900 7.5 1.9 0.1 24.3 44.0 | 13.0 10.2 
Trickling filter sludge.......... 6,000 20.2 17.4 0.3 6.6 32.7 22.8 0.0 
Illuminating gas.............. 3.4 9.1 0.0 21.5 42.5 19.7 3.8 





*Plain settled. 
tChemically precipitated. 
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The calorific value of sludge depends to a large extent on the moisture contained 
in it; the moisture has to be evaporated before the more valuable constituents can be 
recovered. 

Elsner in “Sewage Sludge” gives the calorific value of the dried material of sludge 
as about 7,200 b.t.u. per pound and then proceeds to show how many heat units must 
be absorbed in the distillation of sewages with different degrees of moisture before 
the 7,200 units can be realized. His figures are contained in Table LXXXVIII. 


TABLE LXXXVIII 


HEAT UNITS ABSORBED IN CONVERTING THE MOISTURE OF SLUDGE TO STEKAM 








. British Thermal Units ° British Thermal Units 
Per Cent. Moisture ba Can taekiia Chaam Per Cent. Moisture i Convert to Shean 
LOS SER Rs Ok 126.7 GOLA a ee 1,728. 
LOPS 288 .0 LOSER rn ote 2,684 .2 
SAE atest: Gass 495.4 SOE eH aes: 4,608 .0 
Ch) oath ae ae Cé1.8 QO re cote tener ,608 .0 
a ee ae 1,152.0 





From this Spillner concludes that unless it is first reduced to 80 per cent. mois- 
ture, sludge has no practical calorific value and that if it is dried artificially, there 
will be little gain in carrying this reduction beyond 50 or 60 per cent. moisture. 

Experiments have been made at Oberschéneweide in which 5.63 to 8.23 tons of 
lignite with 0.75 to 1.13 tons of sulphate of alumina were used per million gallons of 
sewage. It furnished 12.5 tons of sludge 64 per cent. moisture with a calorific value 
of 3,202 b.t.u. This was air-dried to 51 per cent. moisture for it was shown that when 
the sludge contained as much as 58 per cent. moisture, conversion to gas was not 
practicable. The results were as shown in Table LXXXIX. 


TABLE LXXXIX 


GASES IN SLUDGE TREATED WITH CHEMICALS 


CAFRIOD herb ateandtocs ent aera 22.3% Boos gts Oana ae Le ae Ee Cee ee 12.8% 
Hydrogen........ Risaibne hase et 2.7 BHUMIUR is wake lee ace aa seca ; 
PUALPOUERED. GM on Secs vio sittns Fis ee 1.0 ABI thE cede a vite ee A 9.8 


The calorific value per 1,000 cu. ft. of the gas was 81,000 b.t.u. By the use of 
this gas in a gas engine the cost of operation of the clarification plant was reduced 
from 33.1 to 24.5 cents per capita per annum or by $16.20 per million gallons of 
sewage, including fixed charges. 

In general it may be said that little has been done in the way of utilizing the gas 


from sludge either for illumination or power. The Massachusetts experiments showed 
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a great variation in the composition of sludge of different towns. The sludge from 
Andover, Brockton and trickling filters was high in value as an illuminant, while that 
from Lawrence, Worcester and septic tanks was low. 

It is probable that although the digested sludge is not valuable for gas produc- 
tion, the gas evolved from septic or Emscher tanks might in large installations be 
utilized for either light or power in the neighborhood of the plant. 

Experiments in the distillation of gas for power from sludge have been mostly 
confined to Germany and the results obtained have not given promise of any great 
pecuniary benefit to be derived unless under such special conditions, as when the 


sludge contains coal dust, lignite or other material of high calorific value. 


FINANCIAL RESULTS 


A general review of the attempts that have thus far been made to utilize sludge 
do not encourage the belief that any great profit can be derived, except in cases where 
the nitrogen or fats are abnormally high. Under other conditions, past attempts to 
secure anything more than a nominal revenue have, as a rule, resulted in failure. The 
crux of the problem is the separation of the water and the concentration of the valu- 
able ingredients. This is necessarily costly, whether done mechanically or by the direct 
action of heat. 

The cost of pressing sludge so that its moisture is reduced from 95 per cent. to 55 


per cent. is shown in Table XC. 


TABLE XC 


Cost OF PRESSING SLUDGE 


Large Towns Small Towns 
Per Ton °- Per Ton Per Ton Per Ton 
Wet Sludge Pressed Cake Wet Sludge Pressed Cake 
$0.10 $0.50 $0.23 $1.00 


The cost of drying from 90 per cent. to 60 per cent. by centrifugal machines 
amounts to about 10 cents per cubic yard of wet sludge or 45 cents per cubic yard of 
product. | 

The further drying from 60 per cent. to 10 per cent. moisture by rotary dryers 
may cost 75 cents per ton of dried material. 
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The revenue to be derived from the sale of dried sludge as fertilizer and from 
grease will, in many cases, more than offset the cost of production, in large towns, be- 
sides furnishing a sanitary and inoffensive method of disposing of sludge. 

The drying of sludge for fertilizer and the extraction of the contained grease 
offer a more promising outlook than others. In many works where it would not be 
worth while to undertake these somewhat elaborate processes, it will be found of ad- 
vantage to dispose of the semi-dried centrifuged or pressed sludge to farmers for what 


it will bring or else burn it under the boilers of the plant. 


CHAPTER II 


PRINCIPLES OF MAIN DRAINAGE AND SEWAGE DISPOSAL APPLI- 
CABLE TO NEW YORK, WITH EXAMPLES DRAWN 
FROM VARIOUS LARGE CITIES 


MAIN DRAINAGE 


By main drainage is meant an arterial sewerage system whose function it is to col- 
lect the sewage of one or more local sewerage systems and carry it to one or more cen- 
tral points for final disposition. 

Main drainage is contrasted with local drainage chiefly in its ultimate object. 
Whereas the purpose of main drainage is to protect the rivers, lakes and harbors upon 
which cities are situated, the object of local drainage is to remove the sewage of the 
houses and streets from its immediate points of origin. Local sewers, as ordinarily 
built, may pollute the natural waterways. With main drainage these natural bodies 
of water can be kept reasonably clean. 

The sewage which is collected by a main drainage system must, of necessity, be dis- 
charged somewhere, and to prevent excessive pollution at the point of outfall, it is 
often desirable and usually feasible to pass the sewage through some process of puri- 
fication before the final discharge takes place. The method of disposal which it is best 
to employ, like the system of main drainage which is tributary to it, depends upon 
various conditions, including the quantity of sewage and the facilities which exist 
for the discharge of the effluent. 

Some of the engineering principles upon which a system of main drainage is con- 
structed are, in many respects, the same as those upon which local sewerage systems 
are based. In each case the sewage generally flows in closed conduits which are built 
large enough to accommodate the greatest flow of sewage which is expected. The cur- 
rents are maintained by gravity and the gradients upon which the sewers are laid are 
such as are intended to insure rates of flow sufficiently rapid to prevent deposits taking 
place. In many instances catch-basins, screens and other forms of apparatus are pro- 
vided, in order-to permit the removal of solid matters which would interfere with the 
flow of the sewage or with the operation of pumps. Other appurtenances commonly 
employed are pumps to raise the sewage, regulators to deliver into the main drainage 
system that part of the sewage which it is intended to carry and divert the excess to 


storm overflows, and tide-gates, whose duty it is to exclude tidal water. 
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Practically all main drainage works operate in connection with local sewerage 
systems built upon the combined plan. The collection of house sewage and storm 


water in separate systems of conduits is practiced in very few large cities. 


TERMS AND ASSUMPTIONS USED BY THE COMMISSION 


In the studies of the Commission various terms have been employed to describe 
the types of sewers used in the main drainage works, and the meaning which has been 
attached to these terms has been always the same. Sewers running parallel to the 
shore line and intended to intercept the flow of sewage from the local sewers have 
been termed interceptors. Sewers which have penetrated for a considerable distance 
inland to collect the sewage from a territory not adjacent to the harbor have been 
called collectors. Sewers extending from pumping stations to more or less distant 
points and intended to carry the sewage from one place to another without receiving 
additions on the way have been called mains, whether operated under pressure or by 
gravity. Siphons are deep-lying sewers usually extending under some part of the har- 
bor and intended to carry the sewage under an obstacle. Marginal sewers are rela- 
tively short interceptors near the waterfront connected with larger near-lying inter- 
ceptors in the same territory. No distinction has been made between sewers built as 
tunnels and in open cut, the method of excavation being of no importance in the final 
works. t 

The term district has been restricted by the Commission to the metropolitan sew- 
erage district of New York and New Jersey, which is the territory laid out by the Com- 
mission in 1908 for the purpose of its studies. A description of the metropolitan 
district, its distinctive topographical characteristics, population, industries and the 
increasing pollution of its waters were described in the report of the Commission, 
April 30, 1910, Part II, Chapter I, page 51 and following. 

The term division has been used by the Commission to indicate one of the four 
principal parts into which the City of New York was separated in these studies for 
the purpose of working out the general principles of main drainage and sewage disposal] 
which were most applicable to the situation. A subdivision was a smaller part into 
which a main division was separated. The divisions have been known by the waters 
to which their drainage areas were naturally tributary. The subdivision was described 
by its location, by the name of some well-known locality or, where the subdivisions 
were very numerous, by a number, the location of which could easily be ascertained. 

Drainage area has meant natural drainage area and not the territory which, by 
pumping or other means, could be made tributary to a single sewer outlet or group of 


outlets. 
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Sewage has included the drainage of houses, streets and industrial establishments, 
such as contribute to the flow of sewage in the combined sewers of New York City. 
Where the drainage of houses has alone been considered, the term domestic sewage or 
house sewage has generally been employed. The term sanitary sewers or sanitary sew- 
age has never been employed in the reports of the Commission. 

The evidences of pollution, whether recognizable to the senses or detectable by 
analyses have rarely been referred to in the Commission’s reports as sewage. Sewage 
matter or sewage materials or organic matter have generally been employed to indicate 


the contaminating substances, whether solid or liquid. 


In referring to methods of disposal, the term purification has been used sparingly. 
to indicate practically all methods by which sewage may be more or less completely 
relieved of its harmful and offensive properties. The production of an absolutely pure 
effluent has not been thought to be necessary in employing this term. Sewage treat- 
ment is a Synonym of purification, the difference in meaning being slight and relatively 
unimportant, so far as the Commission’s reports have been concerned. By swhmerged 
outlets the Commission has meant pipes or other structures intended to discharge sew- 
age at the bottom of the harbor. Surface water is water near the top in the harbor 


and not the actual surface. 


Local sewers are often built by cities in a piecemeal manner and with little or no 
consideration for the need of co-ordinating the various outlets. In a city such as New 
York, with several hundred outlets, it may be said that several hundred local sewerage 
systems exist. 

_In course of time the independent outlets require to be wholly or partly eliminated 
and the unrelated sewerage systems made tributary to a comprehensive main drainage 
system. Where careful scientific design forms the basis of the main drainage works, 
‘the sewage will not only be carried away to the best advantage, but a sanitary disposi- 
tion will be accomplished at a minimum of cost, obsolete methods will be avoided and 


haphazard work will be prevented. 


The quantities of sewage to be provided for in the plans which the Commission 
has made for the main drainage of New York have been based upon estimates of pop- 
ulations and allowance of per capita production of sewage per 24 hours. 

The population has been the subject of long-continued study. A discussion of 
this subject will be found in the report of the Commission of April, 1910, Part III, 
Chapter II, page 133 and following. Where the most accurate estimates practicable 
have been necessary for certain areas, the Commission has proceeded as follows: The 


latest census returns have been plotted upon a map, using the smallest political divi- 
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sions included in the census as the boundaries within which the data were included. 
Dots made with inks of different colors were used to represent units of 500, 1,000 and 
5,000 of the population, the distribution of the dots within the area being based upon 
personal judgment resting upon familiarity with the neighborhood. The number and 
color of the dots thus found to be contained within a drainage area have been taken to 
indicate the number of persons whose sewage was tributary to the sewers whose flow 
was to be estimated. Allowance was made for transitory population in those parts of 
the city wherein this factor seemed likely to play a considerable part. 

The per capita allowance of sewage derived from the public water supply was 
based largely upon information obtained from the authorities in charge of the public 
water supply. The average production per capita per day for the several boroughs 
has been taken at 160 gallons for Manhattan and 125 gallons for the other 
boroughs. It has been assumed that one-half the total quantity of domestic sewage 
would flow off in eight hours, which is equivalent to a maximum rate of 50 per cent. in 
excess of the average rate. The maximum rates then are 240 gallons for Manhattan 
and 187.5 gallons for Brooklyn, Bronx, Queens and Richmond. 

The trade wastes were allowed for in the per capita volume of domestic sewage on 
the assumption that the volume of water becoming trade wastes over and above that 
secured from the water supply would be balanced by the loss of water from the water 
supply which did not reach the sewers. 

From measurements made on maps of the Boroughs of Manhattan, The Bronx, 
Brooklyn and Queens, it was found that there were on an average from about 26 to 
28.5 miles of streets measured on the center lines per square mile of area of built-up 
district. With each street sewered and making a deduction for length of sewers not 
carried across intersections, it was considered reasonable to assume the length of 
sewers to be 25 miles per square mile in built-up districts and 15 miles in suburban 
districts. | 

The leakage into the sewers was assumed at a maximum of 30,000 and an average 
of 15,000 gallons per mile of sewers per 24 hours. 

Combining these leakages with the lengths of sewers the following assumptions 


for the leakage per square mile of area were arrived at. 


Miles of sewers Leakage into sewers 
Character of district | per square mile | Gal. per square mile per 24 hours 
of area _————} 
Maximum Average 
JUSS CRT eee Ak reg ae 25 750,000 375,000 


Suburbak es ae 15 450,000 225,000 
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Sewers over 2 feet in diameter were designed to carry the maximum rate of sew- 
age flow when running three-quarters full (not three-quarters full depth). Sewers 2 
feet in diameter and less were designed to carry the maximum rate of sewage flow 
when running one-half full capacity. 

The coefficient of roughness in Kutter’s formula was taken at N = 0.013 for pipe 
sewers and 0.015 for concrete and brick sewers. 

The minimum velocities provided for in the design of the main drainage system 
are calculated as for circular sewers and are believed to be approximately correct for 


ordinary cross-sections. If Q==the maximum volume of discharge per second, the 
minimum velocity was 1.9 feet per second when the volume of discharge was = Q and 


the depth of flow, in terms of the diameter, was 0.34. The minimum velocity was 2.25 


when flowing at the rate of 4 Q or = Q. 


4 


SToRM WATER 


It is not customary for cities to build works to treat all their storm water. The 
volume is so great, even when moderate falls of rain occur, that the works required to 
purify all the storm water would be excessively large and costly. There is, moreover, 
a general belief that the waste water from the roofs of houses and from the streets 
does not contain enough putrescible material to add materially to the pollution. 

The literature relating to the treatment of storm water shows that experts gener- 
ally consider that storm water from closely built-up cities is capable of producing at 
least as much offense as house sewage. There is reason for believing that the first flush 
of storm water is worse than even the relatively concentrated sewage of European 
cities, and that it is therefore desirable to treat a portion of the storm water. 

European and American Sewage.—Much of the recorded information and opinion 
which exist with respect to the polluting effects of storm water is based upon European 
conditions, where the quantity of sewage at times of dry weather may amount to 20 or 
30 gallons per capita per 24 hours. If the quantity of sewage in American cities is 
taken at 120 to 180 gallons per capita, it is evident that the argument for treating 
storm water has more weight in America than it has abroad, for if storm water is as 
bad as domestic sewage when the latter is concentrated to the extent of 20 or 30 gallons 
per capita per day, it must be about six times as bad when the domestic sewage is so 
dilute. | 

The aggregate weight of solid matter carried by storm water is very great. Analy- 
ses can be quoted which show that the percentage of suspended matter is several times 
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as high in sewage containing storm water as it is in purely house sewage. This being 
so, and it being remembered that the volume of sewage is greatly increased at times of 
storm, it follows that the total amount of suspended matter carried by a given volume 
of storm water is much greater than the analyses indicate. 

Numerous experts have expressed the opinion that careful attention should be 
given to the polluted character of the first flush of storm sewage. In the opinion of 
Samuel Rideal, whose familiarity with the chemical and biological composition of sew- 
age and whose knowledge of current practice in England entitles him to be regarded as 
an authority, “whatever system be adopted, the raw storm water of populous districts 
should never be allowed to pass in large volumes at the beginning of a storm directly 
into a stream.”” Dr. Dunbar, Director of the Hygienic Institute at Hamburg, and an 
authority on sewage disposal on the Continent of Europe, as well as in England, says: 
“Tt must not be supposed that the contents of rain water sewers are in general not so 
polluted as ordinary sewage. In busy districts, the washings from the streets, even if 
these are thoroughly cleaned daily, are everywhere found to be worse in every respect, 
including putrescibility, than ordinary sewage.” Dr. Houston, the celebrated English 
bacteriologist, says that storm water is as “potentially dangerous to health as normal 
crude sewage.” ‘To these opinions many more could be added to the same effect. 

American Analyses.—There is scant information on record to show the composi- 
tion of storm water in American cities, although some data are available to indicate 
the average composition of sewage containing the combined drainage of houses and 
streets. This information is not as valuable as it would be if it had been collected with 
the intention of showing the difference in composition which occurs in the sewage of a 
given city during dry weather and at periods of storm, but some facts exist with respect 
to this subject. 

At a testing station, established at Gloversville, N. Y., at which analyses were 
made continuously for about one year, 1908-1909, the marked effect of storm water 
upon the dry-weather flow was shown in the following manner. Following a period 
of dry weather, rain fell for practically 24 hours on June 5th and the flow of sewage 
increased 31 per cent., although comparatively few storm water drains were connected 
with the sewers. The storm water came chiefly from the roofs of houses and. from the 
streets. The strength of the sewage increased as follows :* 

Total suspended solids from 312 to 622 parts per million, or 166 per cent. 

Volatile suspended matter from 196 to 254 parts per million, or 73 per cent. 

Fixed suspended solids from 116 to 368 parts per million, or 324 per cent. 

* Report to the City of Gloversville, N. Y., by Eddy and Vrooman, Aug. 7, 1909, p. 57. 
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It is worth noting that the largest increase in suspended matter was due to non- 
volatile, fixed or mineral matter. This suggests that storm water is peculiarly sus- 
ceptible of improvement by settlement, an inference which is not strictly correct, for 
the removal of mineral matter would not produce nearly as much benefit as the removal 
or organic or nitrogenous matter. A large part of the suspended matter is grit. 

The average composition of the combined sewage of some American cities, as deter- 
mined by numerous analyses made at investigating laboratories, is indicated in Table 
XCI. 


TABLE XCI 


COMPOSITION OF SEWAGE AT VARIOUS TESTING STATIONS. 


(Parts per Million) 











Suspended Solids. Nitrogen as Oxygen 
Consumed. 
Cl. | Fat. 
Total.| Fixed.| ¥9!2- oun Free | itrite) Ni | Total.| Sus. | Dis. 

1. Boston, -1903-G5.200). fn. boc taret teen eet eee eee 18.5 19 .10:) 43.1 °| 1938" 23285 ee 
2. Boston, 1905-7...........| 185 44 91 9.1 | 13.9 00 -20 156..0' }13.07 |. 43208 eemiceee 
3. Columbus, 1904-5........ 209 130 79 9.0 | 11.0 09 .20 | 51.0 | 25.0 | 26.0 | 65 | 25 
4. Waterbury, 1905-6....... 165 50 115 | 14.8 7.8 14 | 1.52 | 46.0 | 20.0 | 26.0 | 48 | 26 
5. Gloversville, 1908-9...... 406 177 229 | 28.0 | 12.0 38 .87 | 95.0 0.0 | 45.0 |158 | 48 
6. Philadelphia, 1909-10.....| 189 59 130} 6.3 4.0 23 | 1.00 ... | 40.4 | 39 | 28 





In each of the investigations whose results are indicated in the foregoing table, an 
effort was made to obtain results which would be helpful in the design of works for the 
purification of the sewage. Certain peculiarities were thought to exist in the sewage to 
be dealt with which it was necessary to determine and the amenability of the sewage to 
purification was tested in each case. 

It will be observed that the sewages tested at the experiment stations varied con- 
siderably in the amount and nature of the suspended matter, as well as in the dis- 
solved impurities. If partial treatment only had been thought sufficient, it would not 
have been necessary to make the analyses so complete. So far as the general character of 
the average sewage dealt with is concerned, the figures given are satisfactory, but they 
should be employed with caution in forming an opinion as to the composition of the 
sewage of other cities where importance attaches to questions of detail. 

Opinion With Respect to Manhattan and Brooklyn.—Should the house and storm 
sewage of Manhattan be collected in separate systems, it would be desirable certainly 
to treat all of the one and perhaps part of the other. This could not conveniently be 


done in the same plants. Should both house and storm sewage be collected by the com- 
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bined system, the treatment works should be so designed as to deal with the dry-weather 
flow and have enough more capacity to take care of the heavily polluted water which 
would be washed from the streets and houses with the first flush of the rain. It would 
be well to have the capacity of the main sewers and disposal works equal to twice the 


average dry-weather flow. 


SEWAGE DISPOSAL 


The method of final disposition which it is best to employ in any case depends 
largely upon the facilities which are available for discharging the sewage after treat- 
ment into the natural body of water which must receive it. 

If the volume of sewage is relatively small as compared with the quantity of 
water into which it can be discharged and the point of outfall is so situated as to be 
removed from localities where there is likely to be offense, a minimum degree of treat- 
ment is all that is required. On the other hand, if the diluting capacity of the natural 
body of water is small and the point of outfall so situated that the discharge of the 
sewage may produce a nuisance, a more thorough removal of the offensive ingredients 
is called for. Every situation requires independent study. There are no rules which 
‘it is safe to lay down for universal application. What is permissible with one group of 
conditions may prove to be entirely unsatisfactory with another. 

Considerable misapprehension exists on the part of the public concerning the pos- 
‘sibilities of sewage purification, it being believed by many persons that the manurial 
ingredients constitute a rich source of profit and by many others that it is within the 
range of practicability to so deal with sewage in disposal plants that the efiluent 
shall be incapable of producing nuisance and be harmless from the standpoint of 
disease. Theoretically, such thorough purification can be effected, but practically it 
is rarely, if ever, accomplished. Only in rare instances is it necessary or possible to 
attempt such thorough treatment. The cost of completely ridding sewage of its nui- 
sance or disease-producing capacity and the nuisance which is likely to be produced 
in the vicinity of such works make it desirable to seek some other solution of the sew- 
age problem. It may be better to collect the sewage to some other central point or 
discharge the effluent into some other natural body of water or to modify the standard 
of purity required for the effluent. 

Among the methods of disposal most often employed is the discharge of the crude 
sewage into a river, lake or harbor under circumstances which seem likely to carry it 
promptly away. This has been termed the method of dilution, but, as practiced by 
most cities, disposal in this manner is less a method than a means of escaping the 


methodical disposition of the sewage. 
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In disposal through dilution, the sewage is ordinarily carried by a local or main 
drainage system to one or more points and discharged where the prevailing currents 
will carry it away. Where the discharge can be made into rivers, especially those 
whose waters are muddy and of ample volume, and where the chances of nuisance or 
injury to health to other communities further down-stream may be neglected, this way 
of getting rid of the sewage has much to recommend it. It is the cheapest plan that 
can be followed. Where the diluting power of the natural body of water is insuffi- 
cient, where the currents oscillate, as, for example, in tidal harbors or where water sup- 
plies are likely to be injuriously affected, disposal by dilution is less applicable. 

Engineers who have studied the subject have arrived at the opinion that so far as 
nuisance is concerned, disposal through dilution is likely to prove satisfactory in inland 
rivers where the quantity of water flowing is equal to, or greater than, about 314 cubic 
feet per second per thousand of population supplying the sewage. See this report, 
Part III, Chapter II, Section IV, page 335, and Part IV, Chapter VI, page 633. For 
reasons which are explained elsewhere, it is impossible to calculate the dilution which 
the sewage of New York receives when discharged into New York harbor. See this 
report, Part IV, Chapter III, page 493. 


Where the dilution is insufficient to dispose of crude sewage satisfactorily, some 
form of treatment which will remove sufficient of the impurities to permit the remain- 
der to be discharged is usually resorted to. The design of the disposal works depends 
upon the degree of purification required and the opportunities which are available, 
such as area of land, hydraulic head at which the sewage may be obtained, location of 
the works with respect to the congestion of resident or ‘business population in the 
vicinity and the facility with which the impurities which are removed can be disposed 
of. The best design of works will take into consideration all of these factors as they 
relate to the particular situation under consideration and have due regard to the need 
of keeping the cost of construction and maintenance down to the lowest terms. 

The methods which are available for the purification of sewage may be divided 
into two large classes: Those which contain processes for the mechanical removal of 
the impurities and those in which oxidizing processes are employed. 

No single process is in itself complete. Even the simplest methods of sewage dis- 
posal which are likely to be employed in any city require the combination of two or 
more distinctly different steps. 
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MECHANICAL PROCESSES 
1. Fine Screens 


Screens designed primarily for the removal of the small particles of suspended 
matter in sewage as distinguished from rags, sticks, straw, orange skins, etc., are gen- 
erally known as “‘fine’’ screens and have free spaces between the bars or wires of 15 
mm. (0.6 inch) or less. 

They may be classified as consisting of bars, links, a wire mesh or a perforated 
plate; as fixed or movable; according to the general design. There are, in particular, 
three prominent types of fine screens, all of them of German origin, viz.: the Ham- 
burg, the Frankfort and the Dresden types. 

These are all in successful and satisfactory operation in a number of German 
cities. They are usually operated by electric motors and are cleaned above the surface 
of the sewage. 


The Hamburg Screen. The Hamburg screen consists of a band composed of 
aluminum links 0.2 in. thick, 14.4 in. long and spaced 15 mm. (0.6 in.) apart. There 
are two screens, side by side, at the lower end of the grit chamber, each 1114 ft. wide. 
They pass in an inclined position over two rollers, one above and the other below the 
sewage. The entire length from out to out is 32.8 ft. 

As the upper links rise slowly from the surface they carry the material which has 
collected over the top roller. Behind the screen, near the top, there is a rake of hard 
rubber which, by mechanism, engages between each set of links, scraping off the 
detritus, which is then scraped from the rake on its withdrawal on to a lateral belt 
conveyor. ‘he velocity of, the screen is about 0.2 or 0.24 in. per second. 

To operate the screen and the cleaning device about 5 H. P. is required. 

The Frankfort Screen. At Frankfort-on-the-Main there are three screens in form 
like paddle-wheels. Each is composed of five blades or wings extending 9.8 feet from 
the axis and 6.6 feet wide. The wings themselves are made up of straight parallel 
bars placed radially to the axis and spaced 10 mm. (0.4-in.) apart. In operation the 
lower wings move against the current, intercepting the detritus which is unable to 
pass beyond, a8 one wing of the screen always occupies the cross-section of the stream. 

As the wing rises, a straight scraper of rubber, hung at each end by a long arm 
from above the center of the screen, is forced from near the axle to the outer edge, 
carrying with it the screenings, which drop on a horizontal plate. On the horizontal 
motion of this plate the screenings are scraped off to a lateral belt conveyor and 
transported for disposal. After reaching the edge of the wing the scraper drops to 


the inner part of the following wing and the operation is repeated. 
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The sewage passes a coarse screen with 155 mm. (6.1-in.) spaces between the round 
bars and then a grit chamber before reaching the fine screens. Of the suspended solids 
in the raw sewage 16% are removed by the grit chamber and 10% more by the screens 


(Koelle). Other analyses made several years ago gave the following average results: 


Suspended Matter Per Cent. 
Parts per Million. Removal. 


Total. Organic. Total. Organic. 
R&W. BOWAGE) co. sie Sis «0 Giasece ase slag ovele tures in rete at tant ieee 411 241 bee woe 
Effluent from fine screens.7.  .sj4:04:5 sss as oe eae eee ee 325 185 20.9 23.2 





The Dresden Screen. The Dresden, otherwise known as the Riensch-Wurl, screen 
consists of a circular bronze disc, 26.2 ft. in diameter, on the center of which is placed 
a conical plate of less diameter. These plates are perforated with slots 2x30 mm. 
(.08x1.20 in.) in size. The whole is mounted on a central shaft inclined 15° to the 
vertical around which it revolves once in about three minutes. Being partly sub- 
merged in a channel closely fitting the lower edge of the disc, the suspended material 
is gently raised above the surface and on reaching the highest point is brushed off the 
disc by cylindrical brushes on the ends of four revolving arms. The conical surface 
is cleaned by a single large cylindrical brush. The screenings fall to a conveyor by 
which they are removed from the vicinity of the screen. 

The sewage first passes a grit chamber, then coarse screens with bars spaced 45 
and 66 mm. (1.8 and 2.6 in.) apart, which remove about '/. cu. yd. of paper, rags 
and other coarse material for each million gallons of sewage. . 

The fine screens remove 15 to 20 cu. yds. additional, containing 80% moisture. 
The following table gives the results of 22 tests made between Feb. 18 and May 4, 1913: 





Samples taken: 





Before Screening. After Screening. 
Suspended solids, ‘ppm, :.'ata 43 ch.» ac Oabae cael oe te 5590 3520 
Specific gravity... 140, .5 <2 eas ce bee ee ee 1.5537 1.5622 
. Percent. moisture: sud oJ.28, 2 eee ee eee 95.8 95.1 
Weight of dried material— 
In grams per Litre, bias Bec ¢ Gee Re 0.30512 0.23672 
Mineral x i veo Ole, o eg: disease Otatretats Mere MR re tateee Teeter nee Caress 0.11162 0.09280 
Organi Bs ince os teic ra eer te gee rene Rani eek RE ed 0.18995 0.13673 











*Parts per million. 


About 214 H. P. is consumed in operating one of these screens. 
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2. Grit Chambers 


All sewage, and particularly the sewage from combined systems of sewers, con- 
tains grit and other relatively heavy particles. Attempts are often made to remove as 
much of this heavy matter as possible before the sewage passes entirely from the street 
gutters to the sewers. The devices customarily employed for this purpose are called 


catch-basins. 


Theoretically desirable, catch-basins are, in reality, among the most useless de- 
vices employed for the removal of solid material from sewage. They are generally inef- 
fective because they are not cleansed with sufficient frequency to enable them to serve 
as traps. It seems impracticable to keep them clean. To maintain catch-basins in ser- 
viceable condition requires much hand labor, and this is costly. The work is usually 
carried on to the annoyance of pedestrians and householders. Some sewerage systems 
are without catch-basins, and their elimination, as a general procedure, is much to be 


desired. 


Where sewage from a combined system of sewers has to be pumped, it is custom- 
ary to construct at the pumps coarse screens to remove large, light suspended solids, 
and grit chambers to collect sand particles and such heavy suspended matters as 
are capable of being quickly deposited when the sewage is brought to a state of com- 
parative rest. Grit chambers are capable of being efficiently operated, for their size, 
location and form make them comparatively easy to clean. Mechanical dredging 
apparatus may be located above the grit chambers and so operated as to remove the 
accumulations as rapidly as they are deposited. The solids extracted are of little or 
no use. They are commonly removed in cars which run upon industrial railways and 
discharge their contents into barges or into railroad conveyances for ultimate dump- 
ing. The gritty material may produce offensive odors because the organic matters 


which cling to it are capable of putrefaction. 


Grit chambers are of much practical service when used in connection with coarse 
and fine screens. The sewage first flows through the coarse screens, then through the 
grit chambers and finally through the fine screens. It is customary to build 
screens and grit chambers in duplicate so as to facilitate the work of cleaning and 
repairing. 

Grit chambers and screens take up but little room. They can be constructed in 
the built-up parts of cities. No offensive odor need be produced by them. They are 


appropriately employed wherever the pumping of sewage is necessary, wherever much 
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gritty matter is washed from the streets, and in those cases where the sewage is subse- 
quently to be treated for the more complete removal of its impurities. In Germany, 
where much sewage is discharged into large, rapidly flowing, turbid rivers, fine screen- 
ing is a standard procedure, except where a more complete removal of the suspended 
matters by sedimentation, is adopted. Even in this case they are sometimes placed 
before the tanks to take out the floating material. 

To remove the greater part of the grit with the least amount of organic matter 
the velocity of flow through the grit chamber should not vary greatly from one foot 


per second. 


3. Sedimentation Basins 


Sedimentation basins, wherein the sewage stands almost at rest for a period gen- 
erally of two hours, more or less, generally take the form of large, shallow, open 
masonry reservoirs. The sewage enters at one end and flows out at the other, the de- 
sirable rate of passage being generally not over an inch per second. Compartments, 
baffles, wiers and other devices are sometimes employed in order to secure a uniform 
rate of flow. If left to itself in a large basin the sewage will flow in and out by the 
shortest route and will not circulate with that completeness necessary to afford the 
longest period possible for deposition. Special pains must be taken to compel the sew- 
age to flow uniformly through the basin in order that all the solid particles shall 
have an equal opportunity to settle out. 

In some cases sedimentation basins are constructed with hopper-shaped sumps in 
the bottom, facility in cleaning being thus obtained. 

The ordinary sedimentation basin is cleaned by drawing off the sewage and send- 
ing laborers with rubber boots and squeegees to push the solid accumulations on the 
bottom to the outlet pipes. This cleaning is expensive and unsatisfactory from a sani- 
tary standpoint. It is an exceedingly dirty operation. Tanks built with hopper bot- 
toms require little or no hand labor in removing the sludge. ; 

A type of settling basin which has recently received much favorable notice has a 
relatively small superficial area and great depth. The solid matters which are depos- 
ited can be drawn off from the bottom without emptying the tank of sewage. Several 
forms of this deep tank are in use. The oldest is known as the Dortmund tank. 

The Dortmund tank resembles a cylinder or cube with a conical or pyramidal bot- 
tom. The most recent forms are somewhat complicated, but have advantages which 


appear to make them a distinct improvement over earlier types of settling basins. 
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The latest advance lies in providing the deep settling basins with traps or com- 
partments at the bottom, into which the depositing solid matters settle and decom- 
pose. The gases of decomposition which rise from the deposits in the lower chamber 
escape through vents especially provided for them. The sewage does not decompose as 
it passes through the settling basin, nor become foul smelling, but remains almost as 
fresh and inodorous as it was when it arrived at the works. The deposited matter 
which ferments gives off large volumes of gas which are inoffensive. This settling 
basin, known as the Emscher tank, from the name of a small river valley in Germany, 
where it was first employed, is now being installed in many cities in Europe and 
America. 


The period of settlement allowed for the deposit of the solid matters from the 
sewage is commonly four hours or more, but occasionally it is less than two hours. 
The material which is deposited from the sewage and allowed to ferment in the sepa- 
rate chamber of the Emscher tank is reduced in volume by decomposition and so al- 


tered in physical constitution that it easily parts with its water when spread out upon 
a coarse draining bed. 


When ordinary sewage is allowed to remain in a quiescent condition for eight 
hours or more, it undergoes a process of biological change which is essentially putre- 
faction. The oxygen which was present in dissolved form is consumed and anaerobic 
fermentation sets in. Sedimentation basins in which anaerobic action takes place 
throughout the volume of sewage are known as septic tanks. They are usually offen- 
sive by reason of the unpleasant odors which they give off. In order to reduce the 
nuisance from smell and to facilitate the biological actions which are desired, the 
tanks are sometimes covered. 

At one time it was supposed that the putrefactive fermentation of sewage was 
highly desirable from the standpoint of purification. It was believed that the solid 
organic matters which the sewage contained could be completely converted into liquid 
and gaseous forms by the so-called septic action and that the greatest obstacle to the 
purification of sewage, namely, the disposition of the sludge, would in this way be done 
away with. Experience has failed to justify this expectation. Septic tanks are now 
regarded with less favor than formerly. It is not held to be desirable to putrefy sew- 
age as a step toward complete purification. It seems better to keep it as fresh as prac- 
ticable throughout the purifying process. 

Septic tanks have usually been built in the form of large and comparatively shal- 
low basins. They should not be located in a closely built-up city. The sewage which 


passes from them is often highly offensive. If the sewage is to be subjected to final 
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treatment on sprinkling filters, the odors in the vicinity of the filters are likely to 
cause complaint. There are some situations in which septic tanks may be useful, as, 
for example, in small installations where the quantity of sludge must be reduced to a 
minimum and where odors are not seriously objectionable. 

Sludge.—The disposition of the solid impurities which are removed from sewage 
in sedimentation basins constitutes the most serious problem usually confronting sew- 
age engineers. This material, termed sludge, unless it is retained a long time in the 
basin so as to decompose, consists largely of colloidal matter. Its specific gravity is 
but slightly greater than that of the sewage from which it has been deposited. It con- 
sists largely of water, and this water can be extracted only with the greatest difficulty. 
Sludge will remain for months without perceptible change in physical, chemical or 
biological condition. It flows like water, a fact which has led engineers to say that 
pumping was the only thing which it was easy to do with sludge. 

Sludge can be dried, although drying is usually a difficult and expensive process. 
The water can be extracted by filter presses. It can be removed in centrifugal machines. 
When dried, sludge can be burned. 

The usual way of dealing with sludge is to dump it upon low-lying land. Cities 
situated upon the sea sometimes pump it into ships which carry it to the ocean and 
there discharge it overboard. Some cities bury it, others dig it into the soil, a few 
dry and burn it, and perhaps a dozen turn it into fertilizer. ; 

If sludge is so managed as to permit it to ferment, it undergoes changes which 
alter its physical condition. In place of the amorphous, almost slimy consistency 
which it originally possessed, it becomes somewhat granular and porous. Placed upon 
a Suitable under-drained piece of land, fermented sludge quickly drains itself of a 
large part of its water, so that in a few days it may be spaded. It is, moreover, with: 
out unpleasant odor. It is obvious that in fermentation there lies a good prospect 
of dealing with sewage sludge in an economical, sanitary and otherwise effective man- 
ner. The deep settling tanks employed in the Emscher district produce a sludge of this 
character. | 

It is not necessary to employ any special type of settling basin in order to fer- 
ment sludge. It may be fermented as readily a mile or more away as in the basin in 
which it was produced from the sewage. For fermentation to proceed satisfactorily 
it is necessary only that the sludge shall be kept in a tank or compartment separate 
from the sewage. Fermentation will not proceed satisfactorily in a tank which is im- 
mediately filled with sludge to a depth of 6 feet, but a tank which is filled very grad- 


ually will permit fermentation to proceed in a satisfactory manner. 
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Settling basins are, for the most part, devices which should be employed at points 
removed from built-up residential or commercial districts. The older types of tanks 
are so large as to require more space than can ordinarily be afforded where the value 
of property is high and a considerable amount of odor arises from them during the 
process of cleaning. 

The newer type of tanks, which require but little space, which are nearly inodor- 
ous in operation and not emptied during cleaning, may more suitably be constructed 
near built-up parts of cities. The size of the installation, or, in other words, the quan- 
tity of sewage to be dealt with must be considered in this connection. A small plant 
might not be objectionable where a large one would cause complaint. The great depth 
of the newer tank and its somewhat complicated shape make it more expensive to 
construct. than the older form of basin. 

There are situations, as, for example, where sufficient land is not to be had, where 
the deep form may be more desirable than the shallow form. The advantage which 
attaches to the fermentation of the sludge, accomplishing, as it does, a substantial 
reduction in the bulk and facilitating an easy removal of the contained water, makes 


this type of sedimentation basin of peculiar value. 


4. Chemical Precipitation 

To facilitate the deposition of finely divided particles of suspended matters, re- 
course is sometimes had to chemicals. The chemicals which are most commonly em- 
ployed are lime, alum and salts of iron. They are added in solution and, immediately 
forming floculi, unite the minute particles of suspended matter of the sewage into rela- 
tively large masses, which sink with comparative rapidity through the sewage. The 
‘principle is somewhat like that employed when white of egg is used to clear coffee. If 
the sewage is acid in character lime is usually employed and, if lacking in iron, this 
may be added in the form of a sulphate to add weight to the coagulated particles, caus- 


ing them to settle more rapidly. 


If the sewage is strongly alkaline it may be treated with the iron sulphate only; 
otherwise alum or basic sulphate of alumina is usually added in sufficient quantity to 
combine with the necessary amount of iron. If the sewage is alkaline but already 
containing enough iron, then alum may be substituted. Sometimes both alum and iron 
are added. The particular chemical used depends largely on its local market price. 
The amount used varies with the character of the sewage; 7 grains of ferrous sulphate 
per gallon of domestic sewage, from 2 to 10 grains of alum and twice that quantity of 


lime are not uncommon in practice. 
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It is claimed that the use of chemicals not only brings about a:more rapid set- 
tlement, but causes more suspended matter to subside. There is also a slight reduc- 
tion produced in the dissolved organic matter. In exceptional cases, where the effluent 
is discharged to a large stream, the use of chemicals may be suspended during certain 
parts of the year. 

Chemical precipitation is carried on in basins of the same form and size as are 
commonly used for the treatment of sewage by simple subsidence. Chemical sludge is 
much greater in volume per unit volume of sewage than is sludge produced without 
chemicals, but the physical constitution of chemical sludge appears to be not materially 
different from that of ordinary sludge. It is neither more or less difficult to dry. 

Objection to the chemical precipitation of sewage lies in the cost of the necessary 
chemicals used and the more elaborate plant. To dispose of the large volumes of 
liquid sludge it is sometimes pressed into the form of thin cakes. For satisfactory 
pressing it is necessary to add from 4 to 10 pounds of lime to each cubic yard of wet 
sludge. The ordinary means of delivering the chemicals, weighing them, dissolving 
them and applying them to the sewage add considerably to the cost of operating the 
sewage disposal plant. In most cases unpleasant odors are produced through the use 


of the chemicals, although the chemicals themselves may be odorless. 


5. Other Processes 


Among the less prominent mechanical methods of sewage. treatment may be men- 
tioned:the hydrolytic tanks of Dr. Travis and the slate beds of Dibdin. 

The hydrolytic tank resembles the Emscher tank, of which it was the precursor, in 
having a bottom sludge compartment. Following the tank the sewage passes through 
a tank containing a large number of sloping slats called “colloiders,” on which the 
very fine suspended and colloidal matter becomes attached, increasing in thickness 
until it falls to the bottom as sludge. It is claimed that the removal of this finer mat- 
ter without the aid of chemicals constitutes an important advance in the art of clarify- 
ing sewage. 

Dibdin’s slate beds consist of tanks similar to those used for sedimentation but 
filled with slabs of slate separated by small blocks about 2 inches thick. The beds are 
filled and drained much as are contact beds. In this way the sludge accumulates on 
the surface of the slabs and remains there until decomposed. The process being car- 
ried on in the presence of oxygen is free from the odors connected with decomposition 
in septic tanks and the effluent is of similar character to that from ordinary settling 
basins having an equal period of retention. The beds are flushed out at long intervals 
without apparent difficulty. According to experiments at Philadelphia, the sludge 
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removed, which is gritty rather than slimy in its nature, is much less than by other pro- 
cesses of sendimentation except Emscher tanks, but the area required is relatively great. 
The efficiency of the various mechanical processes for the removal of the suspended 


matters is shown in the following table: 


Removal of 
Suspended Matter Organic Matter 
Per Cent. Per Cent. 
oT SENS SO ee MN ee Sy, 2—10 1—6 
Ee Shc e's © bine enn a & face hs eens Ge eee 15—35 10—25 
CMI Ee Pr Ao a ok 8 oe hee all Oe 5—10 1—3 
TINE NR CUI Ce see o.oo ce etek do ile ee pee 60+ 30 


Beebe mBCRTEE ROPE ATION Sy oe is's aon gis ania ils coe «eee GRU RS wabinlands 85 50 


BIOLOGICAL PROCESSES 


The biological processes which are employed in the treatment of sewage are, 
with the exception of septic tank and Emscher tank treatment, all designed to take 
place in the presence of oxygen. In fact, omitting disinfection, ultimate purification 
means oxidation,.as has been explained in the Commission’s report of April, 1910, Part 
III, Chapter X, page 447. 

The oxidizing processes are roughly divisible into two main groups: the first con- 
tains those which require large areas of land, as irrigation and intermittent filtration, 
and the second those in which relatively small areas of land are required. The methods 

contained in the first group may be termed extensive and those contained in the second 
intensive processes. Included in the former are broad irrigation and intermittent 


filtration and in the latter contact beds and percolating filters. 


1. Broad Irrigation 


It was once supposed that the manurial ingredients of sewage could be extracted, 
or at least employed in agricultural processes, in a profitable way, but experience indi- 
cates that expectations of this kind are usually unfounded. In Europe and America it 
has been found that sewage cannot be applied to the cultivation of crops in a profit- 
able way except where the water is needed for irrigating purposes. Sewage farms 
can be carried on to advantage, so far as the disposal of the sewage is concerned, 
where the soil is suitable, but there are many soils which are practically incapable of 
absorbing it. The areas required are large, and a large margin must be allowed for dis- 
posal purposes during rainy weather. Experience has shown that an acre of land is 
required for every 3,000 to 30,000 gallons of sewage per day or for every 25 to 500 of 
contributing population, depending on the climate, soil, preparation of ground, etc.; 
7,000 gallons or 100 persons per acre may be taken as an ordinary rate. | 
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Application to farm land is not practicable for New York because of the great 
areas of land required and the completeness with which the country within fifty miles 


of the city is occupied. 
2. Intermittent Filtration 


The filtration of sewage through specially prepared beds of sand is an excellent 
way of dealing with sewage, provided a high degree of purification is desired and the 
cost of the land and its preparation are not prohibitive. The application of sewage 
either to farm land or filters usually results in the production of an exceedingly good 
effluent. 

Sewage may be filtered by any of several practical methods. A field may be suitably 
prepared by levelling, under-draining and enclosing within embankments the area of 
each unit serving an acre or more. After thoroughly flooding the field, the inlet is shut 
off and an opportunity is given to the sewage to flow downward and away through the 
underdrains. The field is then rested for some hours, after which another dose of sew- 
age is applied to it. 

The resting of sewage fields is an important condition to provide for. It permits 
bacterial changes to proceed under circumstances which are necessary to them and 
prevents the clogging of the pores of the filtering material. Rest is also useful as a 
means of bringing the sewage into contact with the oxygen of the atmosphere. When 
the sewage filters downward in an intermittent way it draws atmospheric air with it 
into the voids between the particles of the filtering material, and the oxygen is in this 
manner introduced into the bed. Purification takes place chiefly, but not exclusively, 
at and near the surface of the ground. 

By this intermittent application to specially prepared beds much larger doses of 
sewage per acre may be employed than in broad irrigation. Rates of 50,000 to 100,000 
gallons daily, or the sewage of 1,000 persons per acre, are not unusual with this method 
of disposal. 


3. Contact Beds 

The intensive purification of sewage is at the present time considered more eco- 
nomical than is purification on extensive acres of land. 

The earliest intensive oxidizing process employed masses of coarse gravel or broken 
stone in what were termed contact beds. These beds were constructed by building wa- 
ter-tight reservoirs and filling them to a depth of from 3 to 5 feet with stone or gravel, | 
ranging in size from half an inch to three inches or more in diameter. The size should 
preferably be uniform. In a few cases, broken brick and coal; in others tiles, and in 
some cinders are used. 

Contact beds are operated by filling the mass of broken stone from the bottom, 


allowing the sewage to remain there for a period of a few hours and then drawing it 
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away from the filtering material. It must be borne in mind that this process is not 
one of filtration, but of oxidation. It is believed that the solid particles of which the 
bed is composed are covered with bacteria and that these minute organisms are instru- 
mental in combining the oxygen which is present with the organic matters of the 
sewage. 

As to the rates at which sewage may be applied to contact beds, 600,000 to 
1,000,000 gallons per acre, daily, are common. 

Where more thorough purification is demanded the sewage is put through two or 
even three sets of beds. With double contact treatment the area required is neces- 
sarily greater, and in round numbers may be taken as one acre to every 400,000 or 
500,000 gallons per day. Single contact beds reserved for storm water may operate 
for limited periods at much higher rates, perhaps 3,000,000 gallons per acre daily. 

When properly built and operated, contact beds are capable of making sewage 
non-putrescible. In other words, sewage which, if allowed to stand alone or mixed 
with river or harbor water would putrefy and give off offensive odors, can by their 
means be made practically incapable of further decomposition. The contact bed is, in 
reality, a means of hastening the process of decay under circumstances which are 
more or less within control. 

Contact beds produce but little odor. It may be urged against them that they 
are comparatively expensive and they require comparatively large areas of land. They 
should be situated at a distance from built-up residence or business districts. 

Contact beds are self-cleansing when well built and managed. After long intervals 
of time it is sometimes necessary to replace the material of which they are made, but 
this contingency may be indefinitely postponed, if not completely eliminated, by sci- 


entific design and operation. 


4. Percolating Beds 


The most approved method of oxidizing sewage at the present time is by means 
of percolating beds, sometimes called sprinkling or percolating filters. Oxidizing beds 
of this kind are not filters in any sense of the term. There is usually more suspended 
matter present after the sewage has passed through them than before. 

A sprinkling filter may be briefly described as a bed of broken stone or gravel from 
1 to 3 inches in size. Beds of this kind need no water-tight support at the sides, as 
do contact beds. They are usually from 5 to 9 feet in depth and should be well under- 
drained and provided with a carefully arranged apparatus to distribute the sewage 
evenly over the stones, for it is desirable that all parts of the beds should receive an 
equal dosage. 

The sewage may be distributed on the bed by sprinkling from fixed nozzles prop- 
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erly spaced, from small holes in radial pipes swinging about a center or from troughs 
or wheels with buckets which travel back and forth on rectangular beds. In the moy- 
able sprinklers the motion may be derived from the reaction or weight of the sewage, or 
it may be imparted from a motor. Fixed nozzles are more distinctive of American 
practice and rotary, or traveling distributors, of European practice. In either case 
sprinkling on any one part of the surface should not be continuous, and the hourly 
rates of application to different parts of the surface should be uniform. 

The sewage which is sprinkled over the bed percolates slowly downward until it 
reaches the under-drains, when it is carried away. Oxidation takes place upon the 
surface of the stones. 

The process of oxidation which takes place in the sprinkling filter is apparently 
the same as that which occurs in contact beds. There is this difference, however, that 
the particles of gravel or stone are never submerged in the percolating bed, but are 
kept continually wet. Filtration may be continuous or intermittent, the intervals be- 
tween doses being a few minutes. The oxygen is derived from the atmosphere, there 
being in well-constructed percolating filters a circulation of air through all parts of 
the bed. 

Sprinkling filters are more efficient than contact beds in that a larger quantity 
of sewage can be purified upon a given area of land. This may be taken at from 14% 
to 2 million gallons per acre daily, depending on the quality of the sewage, the 
depth of the filter and the size of the material of which it is made. 

Among the disadvantages which attach to sprinkling filters is odor. Owing to the 
sprinkling of sewage into the atmosphere, the odor is especially objectionable in those 
cases where the sewage is in an advanced stage of putrefaction when it is applied on the 
bed. Another disadvantage is in the fact that great numbers of small annoying flies 
commonly infest the works, hatching out within the filter beds. It is not known that 
the flies are ever concerned in producing sickness, but they are often so annoying 
as to cause serious complaint. 

Neither the mechanical nor oxidizing treatment of sewage is capable of removing 


all the bacteria. 


5. Other Processes 


Attempt was made by the late Colonel Waring and has been made by others to 
make use of atmospheric oxygen by the direct application of air in thé purification of 
sewage. Although beneficial results have been obtained in this way, they have generally 
not been commensurate with the expense involved. Recent experiments by the Massa- 


chusetts State Board of Health in this line have been favorably reported in which air is 
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discharged into the bottom of a tank 5 feet deep containing vertical layers of slate. 
Twenty-five thousand cubic feet of air per hour injected for five hours at a total cost 
of less than $2.00 are said to not only render the sewage quite clear and inoffensive, 
but to produce a sludge, digested under inoffensive conditions, that is free from objec- 
tionable odor, granular and readily removed. The real processes of purification are 
apparently carried on in the films of deposit that form on the surfaces of slate and, as 
they become decomposed, slough off. 

In short, the direct application of atmospheric oxygen to sewage, while it may aid 
in removing odors and promote conditions favorable to purification, does not appear to 
have any substantial immediate effect. Final purification is effected only through the 
agency of living organisms, and this takes hours, or even days, to accomplish. 

Nascent oxygen or ozone may, however, act on organic impurities much more 
promptly. The action is in the nature of sterilization. Various processes have been 


devised to treat sewage in this way, but the cost has usually been excessive. 


DISINFECTION 


In order that sewage may be rendered harmless to health, it is sometimes disin- 
fected. Disinfection can be accomplished by applying bleaching powder. The process 
can be carried on on any scale. It has been claimed that sewage does not need any 
preparation for the disinfecting treatment, but experience shows that the removal of at 
least the larger suspended particles is a desirable procedure before the disinfectant is 
used. 

The amount of bleaching powder or hypochlorite required depends upon the 
strength of the sewage and on the proportion of impurities to the “available chlorine” 
in the commercial chemical used. The available chlorine should amount to about a 
third of the commercial salt. The amount of bleach required per million gallons of 
fresh sewage may generally be taken at from 100 to 250 pounds; for septic sewage 250 
to 400 pounds, and for sprinkling filter effluents from 75 to 100 pounds. The total cost 
of the process ranges from 75 cents to $4.00 per million gallons. 

The use of liquid chlorine in place of bleach is a recent improvement in permitting 
greater precision in the measurement of the dose, a more complete use of the chlorine 
and freedom from solid residue. 

Sewage may be disinfected by the passage of an electric current through the liquid. 
This method has been applied with more or less success in a few small towns, but the 


cost per million gallons (about $9.00) has been too great for its general adoption. 


436 DATA RELATING TO THE PROTECTION OF THE HARBOR 


SLUDGE DISPOSAL 


The disposal of the sludge removed from the sewage by the foregoing methods of 
treatment is often a difficult problem. In volume it ranges from 1 or 2 cubic yards per 
million gallons of sewage (70 per cent. water) in the case of Emscher tanks to 20 or 
30 cubic yards with chemical precipitation containing perhaps 96 per cent. of water. 
Unless dumped at sea or run onto farm lands direct as a fertilizer, which is rarely 
done, the first problem is the reduction of the moisture so as to reduce the bulk, enable 
it to be handled conveniently and reduce the amount of odor produced. 

This may be accomplished by drying in the air, by artificial heat, by filter pressing 
or by centrifugal machines. The first of these require considerable land, with the 
probability of nuisance, and the others require expensive machinery. 

If spread upon the land from 0.1 to 0.2 acre are usually required for every 100 
cubic yards of sludge produced in a year. 

The cost of filter pressing is from 10 to 25 cents per ton of wet sludge or $1.00 
per ton of pressed cake; the cost of centrifugalizing about 10 cents per cubic yard of 
wet sludge or 45 cents per cubic yard of product, and the cost of further drying in a 
rotary drier about 75 cents per ton of dried material. 

Under favorable conditions dried sludge may have a certain market value as fer- 
tilizer. The value of air-dried sludge for this purpose is nominal only, but when spe- 
cially prepared after drying in a rotary drier it may find an occasional market at $5.00 
or $6.00 per ton. The revenue from this source added to that from the sale of grease 
that may be recovered in some instances may offset the cost of sludge disposal or pos- 
sibly net a small profit. 


EXAMPLES OF MAIN DRAINAGE OF VARIOUS LARGE CITIES 


BALTIMORE 


Baltimore, Md., with a population of 558,483 according to the census of 1910, 
covers an area of 32 square miles. Its surface is hilly, affording rapid velocities in 
gutters and sewers. The city is divided by Jones Falls, a stream that runs in a south- 
erly direction to the harbor. The harbor is an arm of the Patapsco river, projecting 
into the heart of the business center of the city from Chesapeake bay, 12 miles away. 
The harbor is without appreciable current and has a tidal range averaging about 16 
inches. The condition of the harbor water has been the subject of complaint for many 
years. 

Parallel to the Patapsco and a short distance north of it is Back river, an estu- 
ary of considerable width for several miles above its mouth. Baltimore was without 
a comprehensive system of sewerage until plans were made for the construction of a 
separate system and disposal works after the fire which destroyed a large part of the 


MAIN DRAINAGE 437 


city in 1904. Several million dollars had been spent on storm water outlet drains, many 
of them of large size, and special permits had been granted allowing the property own- 
ers to discharge domestic sewage into them. In the newer sections of the city, con- 
tractors had provided private sewers for blocks of houses which they built and obtained 
permits to discharge the drainage into the natural water courses. The usual practice 
was to discharge house sewage into large cesspools with open or permeable bottoms. 
These were cleaned when necessary, the volume removed in 1909 averaging 169 wagon 
loads per day. The cesspools were cleaned by contractors with so-called odorless 
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The household sewage collected on the separate system is passed through settling tanks, sprinkling filters and 
subsequent settling tanks before discharge into the Back river. 


excavators, loads of about 200 gallons being removed and dumped upon scows holding 
about 450 loads each. 

The scows were towed to distant points where the sewage was pumped into lagoons 
provided by the owner of the land. From the lagoons the concentrated sewage was 
bailed into tank carts and distributed on land. 

The sewage works when built consisted of a separate system, collecting the 
domestic sewage of the city into a high and a low interceptor, the sewage being pumped 
from the lower to the higher at a suitable point. The works are situated about 44%4 
miles east of the city boundary on the shore of Back river. The process of disposal 
comprises sedimentation, screening, sprinkling filters and subsequent settling basins. 
The ultimate population provided for was approximately 1,000,000. The works were 
well under construction at the end of 1913. 
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BOSTON 
A description of the main drainage works of Boston is given in Part III, Chapter 
II, Section 4 of this report. 
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FIG. 5—BOSTON 


The sewage of Boston and vicinity is discharged through three principal outlets situated in the outer harbor. 
The North Metropolitan sewage is passed through coarse screens and discharged just beneath the surface of the 
harbor water. The South Metropolitan sewage is screened and discharged about thirty feet beneath the surface. 
The sewage of Boston is stored in reservoirs and discharged on outgoing tidal currents. 
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CHICAGO 


Chicago is situated upon the comparatively low-lying land near the south end of 
Lake Michigan. The natural drainage is toward the lake, which affords the only 
source of water supply for Chicago and its neighboring municipalities. In order to 
protect the water supply, and incidentally provide water transportation to the Missis- 
sippi river, a canal has been built whose effect is to reverse the direction of natural 
drainage and provide means for carrying away the sewage of the city. 

The works, which are intended for the sewage of three million people, include the 
construction of the canal, the improvement of the Chicago river, which, to all appear- 
ances, is a prolongation of the canal, the construction of intercepting and collecting 
sewers, the building of intakes from the lakes and pumps to provide the large supply 
of water needed to maintain suitable currents in the canal. 

The disposal works for the sewage of the northern and southern districts and en- 
virons are not yet complete. Some sewage from urban and suburban populations dis- 
charges into the lake, and it is intended that the pollution of the lake from these 
sources shall be prevented by the construction of works which will be co-ordinated 
with the main drainage scheme which has been built. 

The total cost of the work has been over $40,000,000 thus far. The construction 
of the Chicago drainage canal was carried on by a commission or board of trustees 
. known as the Sanitary District of Chicago. The district was organized under a gen- 
eral State law for the creation of sanitary districts, passed in 1889. The total area 
covered by the board’s jurisdiction is 358.08 square miles. 

The main canal or channel of the Sanitary District is 28.05 miles long. The first 
work put under contract was in 1892 and water was let in to the channel January, 
1900. 

It is estimated that the population of the Sanitary District will have reached 
3,000,000 between the years 1920 and 1922, and to dilute the sewage of 3,000,000 people 
will, under the State law, require 10,000 cu. ft. of water per second as a minimum. The 
intended capacity of the canal was 600,000 cu. ft. per minute. : 

In a report of the Chief Engineer to the Board of Trustees of the Sanitary Dis- 
trict, October, 1911, the statement is made that it is questionable whether the capacity 
of the canal will be sufficient properly to dilute the sewage of 3,000,000 people together 
with the large quantity of manufacturing wastes that are discharged from the sewers 
into the different branches of the Chicago river. } 
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FIG. 6—CHICAGO 


The crude sewage of Chicago is discharged into the Chicago river whose current has been reversed and made 
to flow through a channel constructed for the purpose into the Des Plaines river and thence to the Mississippi. 
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The sewage is discharged into the Chicago river and its immediate tributaries in 
Chicago in crude condition and through numerous outlets some of which are very 
large. Water is pumped into the river for flushing purposes in the north end of the 
city through a 16-ft. conduit connecting with the lake. The entrance to the Chicago 
river which is used for shipping, is near the center of the city. A pumping station, 
discharging into the canal through a 20-ft. conduit is situated somewhat. to the south 
of the more thickly built-up section of the city. The water supplies are taken from 
cribs running from two miles to four miles out into the lake and at various points 
along the water front opposite the built-up sections. 

The Calumet territory is to the extreme south of the city and is partly in the 
State of Indiana. The Calumet area is intersected by the Calumet river—a small and 
usually sluggish stream whose level is influenced by Lake Michigan. It is intended 
by the Sanitary District of Chicago to construct a channel with a capacity of 2,000 
cu. ft. per second to reverse the flow of the Calumet river and cause its waters to flow 
into the main channel of the Sanitary District. 

The canal of the Sanitary District is avowedly an open sewer in which the crude 
sewage of Chicago is poured and diluted with sufficient water from Lake Michigan to 
prevent excessive nuisance. This method of disposing of the sewage was contemplated 
when the Sanitary District Act of 1889 was passed by the State Legislature in order 
that the Sanitary District of Chicago could be created. Experience in Europe and 
America checked by observations upon the dilution of that part of the sewage of Chi- 
cago which had for some years been discharged into the Illinois and Michigan canal 
led to the opinion that a flow of at least 3.3 cu. ft. per second of clean water should 
be provided for every thousand people sewering into the canal. The question has 
always been considered from the standpoint of nuisance and not as to whether the 
water was so polluted as to destroy fish life or affect the health of persons who came 
in contact with it. The minimum figure for dilution was based largely on the assump- 
tion that domestic sewage was to be dealt with and is said not to provide a wide mar- 
gin for industrial wastes or for the disposal of deposits of sludge in the river or canal. 

According to the report of the Chief Engineer for 1911, the oxygen in the water 
of the canal is frequently exhausted at Lockport and continues to be exhausted for 
ten or fifteen miles; while odors are distinctly noticeable at Lockport and as far down 
as Joliet, they are not considered to have assumed the proportions of a definite nuisance. 

It is estimated that the suspended matter in the sewage which is discharged into 
the river and main channel from human sources alone amounts to over 137,000 tons 
of dry material, and of this about 40 per cent. may settle. Roughly this represents 
about 640,000 cu. yds. of liquid sludge per year. 
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COLUMBUS 


The city of Columbus, Ohio, covers an area of seventeen square miles, and in 1910 
had a population of 181,548. It is situated just east of, and opposite, the confluence 
of the Olentangy and Scioto rivers. For a distance of about one hundred miles below 


this point, no water is taken for municipal supply. Above the confluence the Scioto 
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FIG. 7—COLUMBUS 
The sewage works consist of septic tanks and sprinkling filters. 
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drains 1,050 sq. miles and the Olentangy 514 sq. miles. During periods of dry weather 
the entire flow of the Scioto is drawn for water supplies by towns above Columbus 
and is returned as sewage. Before the disposal plant was built, the additional dis- 
charge of the sewage of Columbus resulted in stagnation and foul smelling pools. 
Similar conditions of nuisance obtained in Alum Creek, which drains the extreme 


eastern section of the city and enters the Scioto river several miles below. 


Steps were taken to correct the polluted condition of the river within the limits 

of Columbus in 1888, when an intercepting sewer was constructed to carry the sewage 
toa point below the city. Experimental studies in the purification of sewage were 
made between 1903 and 1905. As a result of this investigation it was decided to con- 


struct a plant consisting of septic tanks, sprinkling filters and settling basins. 


Part of the sewerage is on the combined and part on the separate system. The 
maximum capacity of the main sewer leading to the works is 40,000,000 gallons per 
day. This provides for the ordinary dry weather flow and 0.02” per hour of rainfall 
over the drainage area. In 1912, 2,789,660 gallons of the total daily amount of sewage 
were pumped, the main pumping station being in service about 220 days in the year. 
For the remainder of the time it was not needed or was shut down for lack of funds. 

At the pumping station the sewage passes through two cage screens with open- 
ings of l-inch and 14-inch respectively. The screenings are spread upon the adjoin- 
ing land. The pumping station is about 2.3 miles below the center of the city. The lift 
is 28 feet. A 48-inch cast-iron force main conveys the sewage from the pumping sta- 
tion to the purification works a little over a mile away. The disposal works are sit- 
uated upon an area of flat ground 46 acres in extent surrounded by a levee for pro- 
tection during floods. The plant cannot be operated during flood stages of the river 
as the elevation of the filter beds and settling basins is below high water level. At 
such times the dilution of the sewage by the river water is so great that treatment is. 
not considered necessary. 

The river varies greatly in volume, ranging from 30 cu. ft. per second to 50,000 
cu. ft. per second. Under dry weather conditions it is about equal to the flow of sew- 
age from the city. 

At the works the sewage is delivered to four primary septic tanks which have a 
combined capacity of 2,840,000 gallons. From these it passes to two secondary tanks 
with a combined capacity of 5,200,000 gallons. Each tank is divided in two parts by 
a submerged concrete baffle 8 ft. high intended to retard the motion of sewage at the 
bottom. The floor slopes to an open channel at the center which leads to a blow-off 


to the river. The septic tanks are not covered. The combined capacity of the tanks 
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is 8,040,000 gallons and, as they are designed for a flow of 20,000,000 gallons, they will 
provide storage for 914 hours. As operated, sewage is stored for about 8 hours. 
From the secondary tanks a 60-inch reinforced concrete conduit 625 feet long 
conveys the sewage to a distributing well at the center of the filter beds. These are in 
the form of six triangles about 214 acres each, forming a hexagon. The sewage is dis- 
tributed by nozzles spaced 15’4” apart. There are 528 nozzles to a bed. Four of the 
six beds have been constructed with a normal capacity of 30,000,000 gallons per day. 
The filtering material is 5 feet thick and is composed of broken stone. The size 
varies from 8 to 4 inches for a foot at the bottom; the remainder is 2 inches in diameter. 
After passing from the sprinkling filters, the sewage flows to two settling basins 
having a combined capacity of 2,000,000 gallons and an area of two acres each. When 
handling 20,000,000 gallons of sewage per day the period of flow is about 214 hours. 
The sewage is conducted away from the plant by three outlet conduits 514 feet in 
diameter which lead to a chamber containing flap valves and sluice gates. 
The settling basins are emptied by a pump operated by a gas engine. The sludge 
is not utilized, being flushed to the river or to gravel pits in the vicinity. 
Fermentation proceeds at times so actively in the primary tanks as to interfere 
with the process. The odor is offensive near the tanks and near the filters. The 
sprinkling filters give the best result under heads of 4.7 and 9 feet, discharging for 
fifteen minutes under each head with fifteen minutes of rest between. The effluent is 
practically nonputrescible but carries about the same amount of sediment as when 


leaving the septic tanks. 


PROVIDENCE 


The City of Providence, with a population in 1912 of 235,600, covers a hilly area 
of 18.8 square miles near the head of the Providence river in the State of Rhode Island. 
The population served by the sewers is 206,000 and the sewage contains much manu- 
facturing waste from woolen mills, bleacheries, dye houses and jewelry factories. 

Owing to the increasing pollution of the river and the several tributaries which 
flow through the city and the threatened contamination of extensive oyster beds along 
the river below Providence and in Narragansett bay, sewage disposal works were 
constructed after studies of European methods of purifying sewage were carried on 
in 1884, 

The works of main drainage include intercepting sewers which collect and carry 
the sewage of the city to Fields Point, at the mouth of the river somewhat below the 
city, where pumps and a chemical precipitation plant were originally constructed. In 
1912 the amount of sewage treated was about 21 million gallons per day, which is about 
6 times the volume for which the works were originally designed. 
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For some years the works were operated on the principle of chemical precipita- 
tion with sludge pressing. They have recently been somewhat reconstructed and the 
Sewage is now settled and treated with bleaching powder solution. The sludge is 
pressed and the cake is carried away by scow. The effluent from the settling tanks 
is run into storage tanks and discharged directly into the river on the ebb tide. The 
discharge takes place beneath about 35 feet of water. The bleaching powder solution 
is used in the proportion of about 144 pounds of hypochlorite per million gallons of 
sewage. About 5.8 parts per million of available chlorine are added. 

The sludge is pumped by ejectors to storage reservoirs from which it flows by 
gravity to forcing receivers 8 feet in diameter by 12 feet in length, which operate 
under 60 to 80 pounds pressure and feed the filter presses. The ejectors and forcing 
receivers are run by air pressure generated by an air compressor which is actuated 
by a motor. There are 18 presses of 43 to 54 plates each. Cakes are 36 inches square 
and from 34 to 114-inch thick. Lime is added to the sludge before pressing in the pro- 
portion of 79 pounds per thousand gallons of sludge. The moisture in the wet sludge 
is about 91 per cent. There were 20,486 tons of sludge cake produced in the year 
1912 containing 29.5 per cent. of moisture. 

The cost of sedimentation and disinfection per million gallons of sewage treated 
is given as $2.85 and the cost of sludge disposal $2.49 per million gallons of sewage 
treated. In the year 1912 there were 1,758 gallons of sludge produced per million 
gallons of sewage. The process removes about 48 per cent. of the suspended matter 
from the sewage. The cubic contents of the settling basins up to the flow line is 3.96 
million gallons and the capacity of the storage tanks 7,170,000 gallons. There were 
discharged, without treatment, in the year 1912, 81 million gallons of storm water. 

The total number of bacteria removed by the process varied in the year 1912 
from about 60 per cent. to 99.9 per cent. according to averages stated for each month. 
The efficiency of the disinfection process, based on relative number of B. coli in the 


sewage and effluent, is stated as 97.4 per cent. 


WASHINGTON 


The city of Washington, D. C., with a population of 331,069 in 1910, is located 
on the east side of the Potomac river, just above the mouth of the Anacostia river. 
Except in the northerly portion, the city lies on low, flat ground and there was for- 
merly much damage done by flooding during periods of high water in the river. The 
mean range of tide is 2.9 feet, but during freshets the rise may be 10 or 12 feet above 
mean low tide. The Potomac, just below Washington, drains 12,555 square miles, of 
which 83 drain to Rock creek and 169 to the Anacostia river. The average flow dur- 
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ing the driest months of the year is 2,300 cubic feet per second; during the wettest 
months 52,170 cubic feet per second, and during the whole year 20,600 cubic feet per 
second. 

The sewerage of the city may be said to date from 1871, when a board of public 
works was created. In course of time various defects developed and there were com- 
plaints from odors due to lack of ventilation and from pollution of the water courses. 
In 1885 the sewage was practically all discharged at four outlets. In accordance 
with the recommendations of a board of consulting engineers in 1890, storm drains 
were constructed in the low-lying sections, the polluted canals were filled and inter- 
cepting sewers were built to deliver the sewage at a central pumping station on the 
Anacostia river. From this station the sewage was carried by three siphons of 48- 
inch diameter for a distance of 2,680 feet under the river and thence by an outfall 
sewer 9 feet 4 inches by 8 feet 4 inches and 15,483 feet long along the east shore of 
the Potomac to an outlet discharging at the bottom of the river about 500 feet from 
shore. 

A large area, containing a population of about 30,000, is drained on the separate 
system, but a more thickly settled portion, containing about 320,000 people, is sewered 
on the combined plan. | 

On reaching the pumping station, the sewage is passed through a coarse screen, 
a small sedimentation chamber and a skimming tank and then pumped to the outfall. 

The volume of sewage produced in the year 1912-13 amounted to 23,518,000,000 gal- 
Jons and the amount of storm water 839.8 million gallons. The sewage pumped is 92 
to 114 cubic feet per second. 

The average ratio of sewage to water is 1 to 45 in October and 1 to 234 in March. 
The minimum amount of oxygen near the outfall is about 50 per cent. and in this 


vicinity fishing is good. 


WORCESTER 


Worcester, one of the largest manufacturing cities in the State of Massachusetts, 
with a population in 1910 of 145,986, is situated in a hilly district whose natural 
drainage passes by several small streams to Millbrook, which, in turn, empties into 
the Blackstone river, just south of the city. On the course of the Blackstone toward 
Narragansett bay there is a considerable fall in elevation which furnishes power to 
numerous mills with dams and mill ponds. Opportunities are therefore afforded by 
the river for the sedimentation of silt material washed down from Worcester and for 
evils of stagnation to occur. 


In 1867 the Legislature of the State granted the city the privilege of using the 
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FIG. 8—WORCESTER 


Part of the sewage of Worcester is disposed of by chemical precipitation and part by sedimentation followed 
by intermittent sand filtration, the effluent being discharged into the Blackstone river. 


brooks for the reception of sewage and the watercourses in the city which have been 
used for this purpose have been enclosed, the last section of the Millbrook covering 
being completed in 1894. 

Complaints from property owners on the Blackstone river below Worcester 
began to be made in 1870 and these resulted in studies which were protracted for many 
years. Among the means which: were considered for the protection of the Blackstone 
was the construction of a trunk sewer to sea near Boston. When the population of 
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the city reached 70,000 in 1886, the Legislature passed a statute requiring Worcester 
to purify its sewage before discharging it into the Blackstone river. After numer- 
ous reports from experts and the recommendation of various methods of solving its 
sewage problem, Worcester finally adopted chemical precipitation and intermittent 


filtration as the process for the disposal of its sewage. 


The first sewers were built on the combined plan and designed to discharge 
into the Blackstone Canal which extended into the heart of the city. After the canal 
had ceased to be used for boats, the city took it, walled it up, arched it in and called 
it the Millbrook sewer. 

About 1897 in order that the purification plant might be operated to better ad- 
vantage, it was decided to make a complete separation of sewage and the surface 
water in the outlying districts and to build interceptors in the main and business 
parts of the city; one on each side of the Millbrook sewer and one extending into the 
business part of the city. The three interceptors were combined and connected with 
the main sewer which extended to the purification plant. The dry-weather flow was 
taken by the interceptors and the Millbrook sewer was left for the flow of the water 
from ponds and other natural tributaries to the north of the city. At times of storm, 
the interceptors take the first street washings up to their capacity, the excess over- 


flowing to Millbrook creek. 


At the disposal works the sewage is passed through grit chambers which remove 
about one-tenth of a cubic yard of solid matter per million gallons of sewage, the 
deposits being disposed of on waste land. After passing through the grit chambers, 
the sewage is treated either by intermittent sand filtration or by chemical precipita- 
tion with milk of lime, the quantity of sewage treated in each way during the year 
1912 having been 11,500,000 gallons per day by chemical precipitation and about 4.3 
million gallons per day by filtration. The quantity of sewage which can be treated on 
the filters is limited by the capacity of the area required. The strongest sewage is 
selected for filtration, for the reason that this method gives a higher degree of purifi- 
cation than does chemical precipitation. The area available for filtration is about 73 
acres and the flow per day about 58,000 gallons per acre. Before the sewage is passed 
upon the sand filters, it flows through one of two settling basins, giving a detention 


period of one-half hour. : 


The sludge produced in this way is about 3,750 gallons, containing 95 per cent. of 
moisture, per million gallons of sewage. In the year 1912 solid matter to the extent 
of 320 cubic yards per acre or 15 cubic yards per million gallons of sewage filtered was 


scraped from the filters. The purification effected by the sand filters, measured by the 
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albuminoid ammonia, amounts to about 87.1 per cent. and measured by the dissolved 
organic matter 66.7 per cent. | 

In the year 1912 chemical precipitation required 1,902 tons of lime and the sludge 
produced amounted to 4,551 gallons per million gallons of sewage treated. Most of 
the sludge is pressed in filter presses with the formation of about 11,000 tons of cake 
which is hauled to a sludge dump. Farmers in the vicinity take a small proportion to 
be used as fertilizer. The efficiency of the precipitation process as shown by the albumi- 
noid ammonia is a removal of 77.8 per cent. of the suspended organic matter. 

The cost of chemical precipitation and sludge disposal in the year 1912 was $8.44 
per million gallons. The purification effected by the entire plant, as measured by the 
albuminoid ammonia, amounted to 57.7 per cent. and by suspended organic matter 
87.2 per cent. . 

There are said to have been no recent complaints from the residents of the towns 
below. It is expected, however, that with the rapid growth of population and manu- 
facturing, the plant will:not be able adequately to cope with the sewage problem and 
that steps will have to be taken toward a larger plant along lines of greater efficiency 


as indicated by the results of experiments which have recently been conducted. 


BERLIN 


Berlin is situated in the midst of a flat, low-lying, sandy plain whose natural 
drainage system includes the river Spree and a large number of small lakes. The public 
waterways include many miles of artificial canals. The city is divided into 12 parts 
for the purpose of sewerage with a central collecting station at the lowest point in 
each. From this lowest point the sewage is pumped to farm lands which lie at a dis- 
tance to the north and south of the city. 

The Berlin sewerage system serves the city of Berlin, proper, and certain parts of 
the contiguous suburbs. At the close of the fiscal year 1912, the territory served cov- 
ered 15,000 acres and had a population tributary to the sewers of 2,182,391. The volume 
of sewage was 80 million gallons per day, which is equivalent to 36.7 gallons per capita 
per 24 hours. The sewage is collected on the combined plan. 

The sewage, on arriving at the central collecting stations, is passed through grit 
chambers and, in some cases, screens, before being pumped to the farms for disposal. 
In 1912 the sand and other material removed in the grit chambers amounted to 3,400 
cubic yards. The sewage is pumped through force mains to the irrigation fields which | 
lie to the north and south of the city at an elevation of from 65 to 100 feet above the 


level of the pumping stations. In 1912 there were 0.84 million gallons of sewage 
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from the suburbs and 29,270 million gallons of sewage from Berlin, making nearly 


30,000 million gallons in all pumped to the farms. 


Note!-The darker areas represent the denser populations 
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FIG. 9—BERLIN 


The sewage is pumped to extensive areas of land to the north and south of the city where it is utilized in the 
cultivation of crops. 
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The force mains vary from 5 to 17 miles in length. The usual construction is 
welded wrought iron socket pipe in lengths of about 20 feet. 

The sewage is discharged through sluice valves upon the sewage fields at points 
from which it can flow by gravity until finally disposed of. The method of applica- 
tion varies with the formation of the ground. The deeper slopes are grown to meadow. 
The lesser inclines are laid out in vegetable beds and the levels are banked up into 
settling pools. The sewage is distributed from the sluice valves partly through clay 
pipes, but mostly through open ditches about 114 feet deep. In the settling pools the 
sewage is allowed to fill to a depth of about 1 foot, whereupon it is turned off and the 
contents allowed to seep into the ground. That which is applied to the meadows and 
vegetable beds is supplied as rapidly as the earth will absorb it. 

The settling pool method of disposal is employed only in winter. The ground 
covered by the pools is usually sown to grain in the spring. The fields are drained by 
pipes generally laid about 4 feet below the surface, this depth having proved suff- 
cient to cleanse the water and is found suitable for discharging the effluent into the 
public waterways. 

When the present system of sewage disposal was adopted, it was thought by some 

that the earth would soon become saturated with the sewage matters, but this is said 
~ not to have proved to be the case. The sewage farms are about 43,400 acres in extent 
and sewage is regularly applied to about one-half of this territory. About 16,000 acres 
are laid out in vegetable beds and settling pools and about 5,000 acres are in meadow. 
The balance includes 38 acres of fields where pisciculture is carried on; 247 acres are 
devoted to forestry. | 

The water which drains from the sewage fields is subjected to constant chemical 
and biological examination. Tests are also made periodically of the waters of the 
Spree. The health of the people who live on the sewage farms is carefully watched. 
The records are published annually and confirm the belief that the sewage fields are 
satisfactory from a hygienic standpoint. 

Upon its passage through the earth, the sewage parts with most of its organic im- 
purities, but the effluent sometimes contains more nitrogen than is commonly met with 
in natural streams. This has encouraged the growth of algae to such an extent that 
some of the water courses have become partly closed. When the algae die and decom- 
pose, minute forms of animal life feed upon them and the total mass of these living 
organisms may become great. 

There are no better farms from which to judge the possible profit to be realized 
from applying sewage to land. About one-half of the fresh vegetables consumed in the 
city of Berlin is said to be derived from the sewage farms. 
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The cost of construction of the sewage works, including street sewers, pumping 
stations and force mains, was $24,900,000 up to the end of the fiscal year 1912. The 
sums expended on the farms, including purchase price, drainage and carting, was 
$18,160,000. The total indebtedness was about $26,130,000, or $12.62 per head of the 
population of Berlin concerned. 

The gross receipts from the leasing of fields, from live stock, fisheries, etc., was 
$2,020,000 and the gross expenditures $1,844,000. From these figures it would appear 
that there was a profit of $177,200. From this apparent profit there must be deducted 
the cost of administration for the farms, the cost of new buildings, interest on loans 


and sinking fund charges, amounting to $1,181,000, leaving a deficit of $843,000. 


COLOGNE 


The sewage disposal works for Cologne are situated in the suburb of Niehl, about 
three miles below the city and about 90 miles above the Netherlands. The population 


is about 540,000 and the volume of sewage 14.5 million gallons per day. At low water 
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FIG. 10—COLOGNE 


At the disposal works the sewage is passed through fine screens and then through a basin in which it can be 
disinfected in case of necessity, the effluent being discharged at the bottom of the river Rhine. 
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level the Rhine flows at the rate of 17,860 million gallons per 24 hours, so that the rate 
of dilution is about 1 of sewage to 1,230 of water. 

The sewage is passed through grit chambers and screens and can, in case of neces- 
sity, be conducted through a settling basin where disinfectants can be applied. The 
discharge takes place through a submerged outlet about 10 feet beneath the surface of 


the river. 


The feature of greatest interest in connection with the Cologne works is the 
screening process. There is a coarse screen which catches large floating substances 
such as rags, paper, straw, etc., with 0.6-inch openings and a fine screen with openings 
of 0.1 inch bo collect the smaller floating material. The velocity through the screen is 
0.1 inch per second. 

The screen is of the fixed bar type placed at an inclination in the sewage. It is 
cleaned by steel brushes which travel uninterruptedly from the bottom upward and 
remove the solid matters collected to a conveyor belt which empties into a car and is 
pushed to manure pits situated nearby. The screenings are taken away by farmers in 
the vicinity. 

After the sewage is passed through the fine screens, it flows through the settling 
basins which consist essentially of enlargements of the effluent channel. The rate of 
flow through the settling basin is 1.5 inches per second. 

A project has been prepared for the reconstruction of the works. It is intended 
that the new installation shall have two screens such as are used at Dresden, an en- 
larged grit chamber, eight sedimentation tanks and twenty sludge-drying beds. The 
new plant will be built in connection with a refuse destructor, the entire sanitary depot 
resembling that at Dresden. 


DRESDEN 


The city of Dresden, with a population of about 560,000, is situated on the Elbe at 
a good elevation above the river. The sewers are of the combined type, discharging 
the excess of storm water to the river by overflows and carrying the dry-weather flow 
and four to five times this volume of water at periods of storm to treatment works. 
The dry-weather flow of sewage is about 26 million gallons per day. 

The disposal works are situated about three miles below the city and consist of 
a grit chamber, screens and pumps, the latter being used only at high stages of the 
river. The usual outlet is situated at the bottom of the river in midstream. During 
flood stages of the river, when pumping is resorted to, the discharge takes place from 
outlets at the river bank. 

The disposal works include grit chambers, which are cleaned by a bucket ele- 
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After leay- 


ing the grit chambers, the sewage passes through coarse screens with openings of 


vator, the deposits being utilized for raising the level of low-lying land. 
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quires that about 23.4 cu. yds. of sewage solids shall be taken out of the sewage per 
day before the effluent is discharged into the river. 

Each screen has its own intake and outlet controlled by gates and can be used 
separately, or with the others. A complete revolution of the disk takes place in from 
2 to 3 minutes. Each disk contains 230,000 openings. The total area of openings pro- 
vided is 150,640 sq. ft. for a flow up to 0.14 cu. ft. per second. About 214 H. P.. is 
required for the operation of each disk. The loss of head produced by the flow of 


water through the screening disks varies between 2 and 10 inches. 


ESSEN 


The river Emscher is a small tributary of the Rhine and the Emscher District 
covers an area of about 318 square miles, containing a number of cities and towns 
and a total population in 1913 of about 2,000,000. 

The district is low with little natural slope. Unsatisfactory conditions of drain- 
age resulted from the topography and these were made worse by the sinking of the 
land through mining operations beneath. With the exception of Dortmund, which 
possessed sewage disposal works, the municipalities in the Emscher District until re 
cently were without satisfactory means either of drainage or sewage disposal. 

In 1904 a law was passed to provide for the regulation of the natural drainage 
and purification of the sewage in the District of the Emscher and authorizing the for- 
mation of an association or commission to carry out the necessary works. 

Extensive works were undertaken to improve the natural drainage. The sewage, 
after the removal of as much of the suspended matter as it was practicable to take out 
by means of settling basins, was discharged into the open‘ water courses. 

A new type of settling basin which was invented to treat the sewage is known as 
the Emscher or Imhoff tank. The Emscher tank consists of two deep settling basins, 
one within the other. The sewage passes through the inner tank, the suspended mat- 
ters settling to the bottom and passing through an opening to the larger tank below. 
Fermentation of the solids takes place in the lower tank, which is cleaned at long in- 
tervals and then only to such an extent as is necessary in order to remove the fer- 
mented sludge which is ready to be taken out. Large quantities of gas are produced 
and escape through suitably arranged outlets. 

By fermentation, the consistency of the sludge is changed to a state in which it 
readily and quickly parts with its liquid when placed upon a filter. When drawn 
from the tanks the fresh sludge contains 75 per cent. of liquid and this, by drying 
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upon coarse filters exposed to clear weather for four or five days, is reduced to 50 or 
60 per cent. 

The sludge is withdrawn from the tanks without removing the supernatant sew- 
age, a sludge pipe extending from the bottom to the point of outlet which is situated 
sufficiently below the level of the sewage to provide the necessary hydraulic head. 

The fermented sludge is odorless and, after drying, may be used to raise the level 
of low-lying land. The effluent is discharged into the open water courses in the dis- 
trict, all of which are closely fenced in. The sewage, although putrescible, is not any- 
where in an actively fermenting condition. The tanks are sometimes located close to 
built-up sections of cities and there is said to be no cause for objection. The gases 
given off consist largely of carbon dioxide and methane, both of which are odorless. 
The works are uncovered. 

The Emscher tanks remove about 90 to 95 per cent. of the suspended matters 
which are capable of settling from the sewage, the usual period of sedimentation being 
about two hours. 

The sewage is collected through combined sewers from which factory wastes are 
not excluded. 

The drainage board is charged not only with the regulation of the natural drain- 
age and the purification of_the sewage, so far as construction is concerned, but it is 
charged with the duty of operating the works after they are built. The board has the 
right to acquire land, collect the taxes to pay the interest on the cost of construction 
and operation and has complete autonomy of administration. 

According to the original plans, the work in the Emscher District was to cost 
$6,750,000, but subsequent estimates have increased this amount to $8,100,000. Of this 
sum three-quarters had been expended in 1906. It is expected that the sums spent for 
the purification plants will amount to about $1,665,000, which is about one-half of 
the total spent by the board for all purposes. Nineteen purification plants were in 
operation in 1913, with 770,000 inhabitants connected to the tributary sewers. Two 
additional plants for the sewage of 66,000 inhabitants were expected to be completed 
in a short time and 7 additional plants for the sewage of 347,000 inhabitants were to 
be built within a year. The total number of plants in the district anticipated by the 
end of 1914 would be 28, and these would serve for the sewage of about 1,200,000 
inhabitants. 
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FRANKFORT 


The works at Frankfort are situated on the banks of the river Main, three miles 
in a direct line from the Cathedral, which may be taken as the center of the city. The 
population is about 400,000. The dry-weather flow of sewage is about 58 gallons per 
capita, or about 24 million gallons per 24 hours. The capacity of the works is six 
times the dry-weather flow. 
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FIG, 12—FRANKFORT 


The sewage is collected to a central depot (where garbage is also disposed of) and is passed through fine screens 
and settling basins before being discharged at the bottom of the river Main. The screenings and sludge after drying 
are burnt in the garbage destructor. 


The river at the works is less than 500 feet wide and is a rather turbid, navigable 
stream with a rapid current. The amount of dilution at low stages is about 1 part of 
sewage to 130 parts of water. At average stages, this ratio is 1 to 300 and at high 
water about 1 to 1700. During flood stages of the river, the effluent from the works 
has to be pumped. 


458 DATA RELATING TO THE PROTECTION OF THE HARBOR 


Three essential features connected with the Frankfort works deserve to be men- 
tioned: The rotary screens, the settling basins and the treatment of the sludge. The 
sewage is passed through grit chambers which are cleaned by dipper dredges discharg- 
ing through a chute. The grit is transported a short distance by cars to be finally dumped 
upon land. The screens consist of horizontally-placed wheels with five sets of vanes 
with spokes three-eighths of an inch apart, which revolve in the sewage like an under- 
shot water-wheel only against, and not with, the current. The sewage flows between 
the bars, leaving the suspended matter caught on the revolving screen. The rakes 


revolve once in about 214 minutes. 


The solids removed by the screens are scraped from the vanes by an automatic 
cleaning device which delivers them to a traveling belt. The screenings are pressed by 
hydraulic power and burnt in a nearby refuse destructor. 

The settling basins are fourteen in number and are shaped somewhat like the hull 
of a ship. They are provided with scum boards to hold back the grease. Care has been 
taken to so incline the bottom that the sludge will flow to the outlet with little or no 
hand assistance. The basins are lined with elazed tile. 

When the settling basins are cleaned, the sludge is pumped by means of compressed 
air to overhead reservoirs from which it feeds by gravity to the centrifugal driers, a 
short distance away. These machines which revolve at great velocity upon horizontal 
axes receive a constant supply of sludge and yield a partly dried sludge and an offensive 
liquid. The moisture content is reduced from about 90 to about 60 per cent. There are 
eight machines with a capacity of 3.9 cubic yds. per hour each. The sludge which 

emerges from the centrifugal machines passes through long cylindrical rotary driers 
heated to about 572 degrees Fahrenheit where the moisture content is reduced to about 
20 per cent. The sludge is finally burned. | 

The works reduce the suspended matter in the sewage from about 500 to 100 parts 


per million, of which about 65 per cent. is removed by sedimentation. 


HAMBURG 


Hamburg, although termed a seaport, is situated on the river Elbe, 65 miles from. 
the ocean. Much of the land is low. The Elbe flows through several channels at this 
point and is joined by other and smaller rivers. The water is turbid, especially after 
rains. | 

The sewage is collected in a combined system of sewerage, the ‘dry-weather flow 
being conveyed to the main treatment works and outlets and the storm flow being dis- 


charged by overflows into the canals which intersect the city in many directions. The 
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population is about 960,000 and the volume of sewage discharged through the outfall 
works amounts to about 115 million gallons per day. 

Although unfavorably situated for drainage, Hamburg is one of the most com- 
pletely and efficiently sewered cities in Europe. In accordance with a comprehensive 
drainage plan, the sewage is carried to two principal points for treatment and dis- 
charge. The treatment consists in passing the sewage through grit chambers and 


screens. It is then allowed to empty into the Elbe through submerged outlets. 
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FIG. 13—HAMBURG 


Large grit chambers and fine screens are employed at the two disposal stations at Hamburg, the solid material 
removed being carried away by boats to farm lands. 


The screens are of the endless belt type and are cleaned by automatic rakes which 
remove the screenings to a short belt conveyor which empties the material into cars. 
The cars are pushed by hand a short distance to chutes which discharge into barges. 
The screenings are used by farmers. The space between the bars at the older and larger 


screen station is 0.6 inch. The new screens have spaces of 0.4 inch. 


The range of tide at Hamburg is 6.2 feet. The outlets of the works are closed at 


high stages of tide and opened again when the tidal level falls. 
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The older and larger grit chamber and screening station is covered by an orna- 


mental brick building and is situated in the built-up portion of Hamburg close to the 
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FIG. 14—COPENHAGEN 
Two main outlets are provided for the discharge of the sewage at sea, the principal one being 


about a mile from shore. 
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hagen. The east coast of Amager faces that part of the Sound which is called “Kon- 
gedybet” (the Kings Deeps) and is the main traffic route, with water depths from 
30 to 40 feet. To a distance of more than 3,000 feet from the shore, however, the 
water is very shallow. There is no tide in the Sound, but according to the influence 
of the wind the water occasionally rises to 4 feet above or falls to 3 feet below mean 
sea level. These differences in the water level cause almost constant currents running 
through the Kings Deep in alternating directions. They also cause currents, though 
somewhat weaker, through the main harbor. 

From ancient times the sewage of Copenhagen was led to the harbor in open chan- 
nels along the streets and it was not until the middle of the past century that a 
project for main drainage was taken under consideration. 

The first sewers were on the combined plan, and the connection of waterclosets was 
forbidden by law. Nevertheless, the harbor became grossly polluted and a general 
nuisance resulted. 

About 1890 it was resolved to build a system of intercepting sewers and pumping 
stations (after the plans of the former Chief City Engineer, Mr. Ambt) in order to 
intercept the sewage and pump it to an outfall in the Kings Deep and in this way bet- 
ter the conditions so that waterclosets could be connected, which at that time was 
generally demanded by public opinion. A part of the works were executed in 1892, 
but the bulk of it was not taken in hand before 1897. It was completed in 1901. The 
population was 476,806 at this time. 

The works are shown on the map, and as will be seen there are three pumping 
stations: The main station (“Hovedkloakpumpestation”) at Klevermarkevej on 
Amager, and two substations, one (“Nordre Kloakpumpestation’’) near the free harbor , 
in the northern part of the town, and another (‘“Vestre Kloakpumpestation”) at Vester- 


bro in the southwestern part. 


- The sewage flows by gravity to the pumping stations, in intercepting sewers, shown 
on the map by red lines. They are laid as near the harbor as possible. There are 
two intercepting sewer mains leading to the main pumping station, one from the center 
of the town, the other from the southwestern part. Both of these cross the harbor in 
inverted siphons, the southern one of which is made of steel riveted pipes laid in a 
trench at the bottom of the harbor and protected by cement mortar, while the northern 
one is made of cast-iron pipes laid in a tunnel under the harbor. 

The intercepting sewer mains are from 214 to 6 ft. in diameter. At the pumping 
station the bottoms of the sewers are about 13 ft. below mean sea level. From this 
depth the water is pumped to the outfall through a double force main, the land sec- 


tion of which is of cast-iron pipe, while the part under the sea is of wood stave pipe. 
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The two substations have their own systems of intercepting sewers. From these 
stations the sewage is pumped through force mains, shown on the map in red lines, to 
the nearest point on the main intercepting sewers, from whence it flows by gravity to 
the main pumping station and is pumped once more to the outlet. 

The intercepting sewers and pumping stations are constructed to receive and deal 
with twice the maximum dry-weather flow. When during rains the flow exceeds this 
quantity, the surplus goes directly into the harbor through storm overflows. 

The outlet is situated nearly one English mile from the shore at a point where 
there is 33 feet of water at mean sea level. The total distance from the pumping sta- 
tion to the outlet is 9,200 feet. The outfall section is built of wood staves which are 
kept together by wooden ties or hoops. They are laid down in a trench in the bottom 
of the sea and covered with 3 feet of sand filling. The outlets are made by opening 
the pipes at the top and building two timber walls up to a foot above the bottom. Each 
pipe has an opening 27 feet long and 6 inches wide, causing the sewage to discharge 
in a thin sheet, which is easily caught by the current and diffused with the sea water. 
There are almost constant currents through the Kings Deep with an average velocity 
of nearly one mile an hour. As compared with the tidal currents ordinarily en- 
countered on the English Coast, these currents have the advantage of running for 
several days in the same direction and therefore will take the sewage to such a dis- 
tance that there is no danger of its returning when the current changes. The outlet 


has now been in use for several years without causing the slightest nuisance. 


VIENNA 


Vienna is situated on the left bank of the Danube, which is here about 1,000 ft. 
wide, and in 1911 had a population of 2,004,000. The river has an average volume of 
flow of about 27,750 million gallons per day. A part of the city is situated on an island 
formed by the Little Danube. Although intercepted with water-courses, the natural 
drainage is relatively good. 

The sewage is collected upon the combined plan. There is much drainage from 
uplands lying to the west which is carried through the city by means of large culverts. 
Many combined sewers emptying directly into the Danube or Little Danube have been 
intercepted by large sewers along the banks and now discharge into the Little Danube 
below the city. It is intended to extend the works in order that they may discharge 
into the main stream at a more distant point after screening. The dry weather flow 
of sewage is 24 gallons per capita per 24 hours and the sewerage works are designed 
on the theory that one-half of the total quantity will flow off in 10 hours. 
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FIG. 15—VIENNA 


The sewage is collected by interceptors running parallel to the banks of the water-courses, and discharged 
through one main outlet into the Danube after passing through grit chambers. The large flow of this stream is 
favorable to disposal by dilution and renders further treatment unnecessary. No nuisance is produced. 


In extensions of the sewerage system now being planned preparation is made for 
the drainage of a population of about 5,000,000, which it is expected will be present if 
the recent rate of increase continues. 

At the present time the sewage from a population of 1,400,000 is carried to the 
Little Danube outlet. There is one main outlet, the flow being 49.4 cu. ft. per second 
in dry weather or 32 million gallons per day. Numerous storm overflows exist on the 
Little Danube. 

Grit chambers are placed upon the main tributaries of the principal intercepting 
sewers. These grit chambers are of sufficient size to reduce the velocity sufficiently to 
permit sand to settle out. There are twelve of these chambers and from them 389,200 
cu. yds. of grit are removed each year. 


The large volume of water flowing in the Danube and the high rate of flow, aver- 


« 
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aging about 6 ft. per second, are favorable to the disposal of the sewage through dilu- 
tion. The water within the city is without visible pollution. It is said that after the 
river has flowed about 25 miles beyond the city there is no trace of sewage pollution. 


PARIS 


Paris affords a good example of a city of the first class which protects its water 
highways by a comprehensive plan of main drainage. Except at periods of storm, no 
sewage is allowed to enter the river Seine within the city limits. In consequence, the 
Seine within the city limits is a remarkably clean and wholesome looking stream. 

How difficult the accomplishment of this thorough protection has been may be 
understood from the fact that the river winds through the center of Paris, is a navi- 
gable stream and supports a large commerce. 
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FIG. 16—PARIS 


Most of the sewage of Paris is conveyed to Clichy, where it is passed through a grit chamber and screens and 
pumped to‘extensive farm lands. 
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The sewers of Paris are intended to accommodate the sewage of houses and streets 
and all the solid matter which can well be flushed into them from the street pavements. 
There are no catch-basins, in consequence of which sand, paper, fragments of wood 
and much other coarse debris from the sidewalks and carriageways enter the sewers 
and must there be dealt with. The streets are washed and the gutters flushed con- 
tinually. Unlike the usual custom of flushing sewers by means of suddenly released 
reservoirs of clean water, the sewers of Paris are flushed with their own sewage. 
This is accomplished by setting a movable dam in the sewers which causes the sewage 
to accumulate temporarily until there is a considerable force behind the dam. The 
dam is then allowed to move slowly toward the outlet of the sewer. An open space 
between the dam and the invert provides an outlet for the sewage, which flows away 
with a scouring action sufficient to dislodge whatever accumulations of solids may 


exist. 


The siphons which carry sewage from one part of the city to another beneath the 
river are kept clean by passing wooden balls through them. These balls are slightly 
smaller than the siphons and their passage causes a desirable scouring action. The 
solid matters are flushed to certain parts of the sewerage system, where provision in 
the form of grit chambers exist for their removal. This solid material is removed by 
means of grit chambers, emptied into cars which are wheeled to the river bank and 
there discharged into barges. 

The main drainage works are designed to focus at Clichy on the Seine, a consider- 
able distance beyond the city limits. Most of the sewage flows to this point by gravity 
through three large collectors. Pumping stations in some parts of the city raise a 
part of the sewage from low-lying areas into the gravity system. Intercepting sewers 
run parallel to the river banks within the city limits and are tributary to the main 
sewers which lead to the Clichy station. Some of the sewage in the northern part of 
the city is carried to outfalls into the Seine at St. Denis and St. Ouen, points consid- 
erably below Clichy. 

The sewage of Paris, except that discharged into the Seine at and below Clichy, 
is utilized upon farm land. The history of the Paris disposal works is of much in- 
terest. Before irrigation was adopted various other methods were tried for the dis- 
posal of the sewage. A scheme for taking it to Havre is said to have been prepared, 
but was found impracticable by reason of excessive cost. 

It was at first supposed that the sewage could be sufficiently relieved of its impur- 
ities by sedimentation before the effluent was discharged into the Seine. Sedimenta- 
tion was therefore attempted | at at Clichy, but soon | proved to be inadequate, the river 





becoming black and offensive. “Deposits of sludge occurred which, decomposing, caused 
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bubbles several feet in diameter to rise to the surface and burst, leaving large quan- 
tities of black mud to return slowly to the bottom or become diffused through the 
water. It is estimated that there were 107,000 cubic yards of sludge taken from the 
stream each year. With the object of improving the efficacy of purification, chemical 
precipitation was then used, sulphate of alumina and lime being the reagents. The 
result was greatly to increase the quantity of sludge without making a sufficient im- 
provement in the effluent. ua 

In 1867 and 1868 irrigation was first tried on a small experimental plot at Clichy 
and this proved so successful that in 1869 the city offered to supply sewage gratis to 
anyone who would use it at Gennevilliers. 

At that time Gennevilliers, which is situated on the opposite side of the river from 
Clichy, was a small and obscure place devoid of agriculture. Irrigation proved so 
successful that whereas in 1870 there were 55 acres under cultivation, by 1875, 314 
acres were treated with sewage. 

The Paris plant now consists of four large areas, the oldest at Gennevilliers. 
Plants of more recent origin are situated at Acheres, Pierrelaye and Carrieres and 
Triel. The total area of the four districts amounts to about 18,597 acres, about one- 
third of which is owned by the city. At Gennevilliers the land is privately owned and 
the city maintains a model experimental garden for the cultivation of fruits and 
flowers. ‘Among the crops grown are peas, tomatoes, grass, etc.; large tracts are also 
used for pasturage. The cultivation of strawberries, salad crops and other food ex- 
posed to sewage and eaten raw is prohibited. 

About 185 million gallons of sewage per day are produced at Paris. Of this 
amount about 159 million gallons are screened at Clichy, the screenings amounting 
to’ about 77,000 lbs., and then pumped to the irrigation fields. The distance from 
Clichy to Carrieres-Triel is about 17.36 miles. The sewage is pumped from Clichy to 
Colombes against a head of 16 feet. At Colombes 126,000,000 gallons are repumped 
with a lift of 118 feet, the remainder being diverted to Gennevilliers. At Pierrelaye, 
a part of this is repumped with a lift of 83 feet, the remaining volume continuing by 
gravity to Acheres and Carrieres-Triel. The population of Paris was 2,846,986 in 1911. 


The sewage is delivered to the fields in closed conduits and distributed in ditches. 


BIRMINGHAM 


Birmingham, with a population of 850,000, stands on high, undulating land in the 
center of England and is situated within a few miles of the headwaters of the river 
Tame which, although but a few yards wide, receives the drainage of Birmingham and 
a number of other municipalities in the vicinity. The average flow of the river is 
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28,800,000 U. S. gallons per day, which is less than the quantity of sewage which must 
be emptied into it. 

The disposal of the sewage of Birmingham and its neighboring towns is carried on 
under the joint management of a drainage district which covers over 100 square miles 
and has a population of about 950,000. The managing authority, known as the Bir- 
mingham, Tame and Rea District Drainage Board, was created in 1877. The disposal 
works occupy a tract of about 3,000 acres which runs for six miles through the Tame 
valley at a short distance from Birmingham. The works are divided into parts, some 
of which are widely separated. Most of the sewage is passed through grit chambers, 
septic tanks, settling basins, sprinkling filters and again through settling basins. The 
effluent is as pure as the river water into which it is discharged. 

The process of sewage treatment is remarkable for the repeated efforts which are 
made to remove solid matter in suspension and for the ingenuity which has been shown 
in adapting advanced methods of sewage purification to the peculiarities of the local 
situation. 

The original works constructed in 1895 comprised chemical precipitation tanks 
and about 80 acres of land for irrigation. The purification effected was not satisfac- 
tory and numerous experiments were made to improve the effectiveness of the plant. 


It is said that 454 patented processes were experimented with. 


At one time the Birmingham disposal works consisted of the largest ‘farms in 
England used for the disposal of sewage. The farms were capable of dealing with 
7,200 gallons per acre per day, or about 14,400,000 gallons for the whole area capable 
of receiving sewage. Notwithstanding this, the land was frequently called upon to 
deal with 24,000,000 gallons per day, with the result that the effluent deteriorated and 
the land became sodden. The cultivation of crops was then given up and the fields 
were alternately flooded and drained on the principle of intermittent filtration. This 
proved a failure and works were constructed on the principle of biological purification. 

Since 1911, sprinkling filters have dealt with the dry-weather flow of sewage and a 
large amount of storm water as well. The sewage which arrives at the works first 
passes through grit chambers through which the sewage flows at the rate of 3 inches 
per second. The deposits are removed by dredging and carried away by wagons by an 
industrial railway to land where the material is buried. It is considered better not to 
attempt to sell or utilize this solid material because of the nuisance likely to result 
and its small manurial value, consisting chiefly of about 214 percent. of nitrogen and 
about 114 per cent. of phosphoric acid. 

On passing through the grit chambers, the sewage flows through septic tanks 
where solid matter is deposited and fermentation allowed to proceed. The septic 
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tanks, of which there are 20, are divided into two groups called primary and second- 
ary. The sewage flows through both groups, then passes over a distance of five miles 
to settling basins known as silt tanks and thence upon sprinkling filters. These 
filters consist of broken stone 6 or 7 feet deep and of. areas between 1 and 38 acres each, 
the total area being 87 acres. The average rate of filtration is about 900,000 U. S. 
gallons per acre per day. After passing through the bacteria beds, the sewage flows 
to settling tanks where solid matters in suspension are removed before the effluent is 
allowed to enter the river Tame. 

The total amount of suspended matter in the crude sewage, as determined from 
the average of analyses of half-hourly samples taken every day during the year 1908, 
amounted to 522 parts per million. During that year the total quantity of sewage 
treated was about 14,400,000,000 gallons, which gives 24,300 tons of dry matter dis- 
posed of in that year. Of this total, 17 per cent. was removed in the grit chambers; 
23 per cent. was taken out in the septic tanks and from them pumped in the form of 
sludge to fields, where it was allowed to settle and dry sufficiently to be ploughed into 
the soil. The silt tanks removed 18.1 per cent., these solids being pumped to the sludge 
fields and dried like the solid matter from the septic tanks. The quantity of solids re- 
moved in the separatory tanks which received the sewage after it had left the sprink- 
ling filters was 11.7 per cent. This material was also pumped to the sludge grounds. 
About 8.5 per cent. was deposited in the piping system and was flushed out and pumped 
to the sludge fields and 9.7 per cent. was deposited on land where some of the sewage 
was used for irrigation. During storms 8.2 per cent. passed by overflows to the river. 
The effluent which went from the purification works to the river contained 3.6 per cent. 

Contrary to general experience, the sludge produced at Birmingham has been 
practically without odor, a fact which has been accounted for on the ground that a 
large amount of trade waste is present containing copper and iron, which interfere 
with those bacterial growths which produce foul-smelling gases. 


GLASGOW 


Prior to 1894 the sewage of Glasgow was discharged without purification into 
the river Clyde. The evils which resulted from this practice were comparable with 
those which once obtained on the Thames at London. 

The territory included in the Glasgow main drainage project extends along both 
sides of the river for about 15 miles, the total area being 4114 square miles. It is 
expected that the ultimate development will yield a total volume of sewage, including 
rainfall, of 300 million gallons per day. The drainage area is divided into three parts, 
each tributary to a central collecting station where the precipitation works have been 
constructed. The population was 735,906 in 1901. 
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The first section drains the combined sewage of about 11 square miles, one-half of 
which is within the city limits, to the works situated at Dalmarnock. These works 
have been in operation since May, 1894, and deal with about 24 million gallons per day. 

The second section comprises that part of the municipal area of Glasgow which lies 
on the north side of the river westward of the first section and some outside territory, 
the whole area being about 15 square miles. These disposal works are at Dalmuir on 
the river banks about 8 miles below Glasgow. The daily volume of sewage to be 


treated ultimately is 58.6 million gallons. 


Note:- The darker areas represent 
the denser populations 
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FIG. 17—GLASGOW 


The sewage is collected to three central points, where it is passed through chemical precipitation works and the 
effluent discharged into the river Clyde. At two of the works, the sludge is put on board of tank steamers which 
carry ittosea. At the other works the sludge is converted into fertilizer. 


The third section includes the whole municipal area of Glasgow which lies on the 
south bank of the river and some outlying territory, the total area being 1514 square 
miles. These disposal works are at Shieldhall, 4144 miles below Glasgow. The daily 
volume of sewage ultimately provided for is 58.6 million gallons. 

The sewers tributary to the Glasgow works, like most sewers of Great Britain, were 
designed to carry both domestic and industrial sewage and a certain proportion of the 
rainfall. The allowance for rainfall is one-quarter of an inch in 24 hours. Rain water, 


in excess of that allowed for, passes through regulating valves placed between the 
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street drains and the main sewers and so flows to the river. Tide gates, consisting of 
balanced flaps, are intended to prevent the river water from entering the sewers dur- 
ing ordinary conditions of weather. The action of these automatic tide gates is said 
to be satisfactory. 

On arriving at Dalmuir the sewage is passed through a screen and flows thence 
to a grit chamber which is cleaned by a bucket dredger which travels to and fro on 
tracks over the top of the basin. The precipitating chemicals are then added, and the 
sewage flows into one or other of eight precipitation tanks, each 750 feet long by about 
80 feet broad, situated on the river bank at a level of about 41% feet above high tide. 

The chemicals employed are persulphate of iron and lime water. A saturated sol- 
ution of lime water is used as a precipitant. This is said to be an advantage over the 
custom of using milk of lime, which introduces a considerable amount of suspended 
matter into the precipitation basins. The iron is purchased in the form of ferrous 
sulphate. It is dissolved in tanks at a temperature of 100 degrees Fahr., protosulphate 
of iron being then produced. The liquor from the tanks is raised by a pump to an 
overhead storage tank from which it is drawn from time to time into oxidizer drums. 
These drums are made of wood, 12 feet long and 12 feet in diameter. They receive a 
charge of protosulphate of iron and a small quantity of nitrate of soda. The drums 
are then closed and paddles are set in motion which agitate the contents. At the end 
of three-quarters of an hour or so, the liquor, now persulphate of iron, is run off in 
vats below the drums and is ready for use. 

During the year ending May 31, 19138, the sludge steamer Dalmuir made 271 trips 
at a cost of $0.05 per ton of sludge. The sludge contained 86.16 per cent. of moisture. 
There were produced 22.9 tons of crude sludge per million gallons of sewage. The 
quantity of material removed from the sewage by screens and grit chambers was 6 cwt. 
per million gallons. At Dalmarnock the sludge produced was 44.4 tons per million 
gallons. The average moisture was 98 per cent. There were treated at the three 
works 117.9 million gallons of sewage per day. 

The effluent from the tanks flows into a wide channel and, after passing over a 
gauge weir, is discharged into the river by means of pipes which are protected from 
the back flow of the tide by balanced tide flaps. A 

To remove the sludge, each precipitation tank is emptied in succession, the sludge 
being drained into a sludge well from which it is pumped into an overhead storage 
tank. After a brief period of settlement, the sludge is allowed to flow into a steamer 
with a capacity of about 1,200 tons of sludge. The steamer carries the sludge to a 
point about 45 miles from Dalmuir in the Firth of Clyde, where the sludge is dis- 
charged in about 10 minutes into water 60 to 90 fathoms deep. | 
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The method of sludge disposal at Shieldhall is practically the same as at Dalmuir. 
The works at Dalmarnock treat the sewage in the same way as it is treated at Dal- 
muir and Shieldhall, but the sludge is pressed for the reason that the river Clyde is 
not of sufficient depth at Dalmarnock to accommodate a sludge steamer of the requisite 
size. 

The sewage at Dalmarnock consists largely of industrial refuse, the suspended 
matter varying from 285 to 14,240 parts per million. It is claimed that the treatment 
eliminates the suspended matter and effects a chemical purification of 50 per cent. cal- 
culated on the albuminoid basis. After treatment the sewage is discharged into the 
Clyde which, at Dalmarnock, has a volume 50 times greater than the average volume 
of sewage discharged. } 

Further down the river at Shieldhall and Dalmuir, the 115 million gallons of sew- 
age which is discharged is diluted with about 3,660 million gallons of water. It is as- 
sumed that the natural agencies in the river effect the final purification of the effluent, 
more especially in the lower regions. 

The cost of the Glasgow main drainage undertaking exceeds $10,000,000. It is 
said that the increased rate of taxation due to this expenditure has raised no objection 
on the part of the public. The undertaking has removed from the Clyde the solid mat- 
ters of the sewage of Glasgow and adjacent boroughs and has restored what has been 


termed a dead river at certain period of the year to a live and satisfactory condition. 


LEEDS 


The sewage of Leeds contains a large amount of suspended solids, averaging in 
the year ending March 31, 1913, 604 parts per million. The soluble solids amounted 
to 1,010 parts and the albuminoid ammonia to 7.69 parts. In the year mentioned, the 
suspended solids in the effluent from the works which is discharged into the River 
Aire were 44 parts per million, the soluble solids 1,001 parts and the albuminoid am- 
monia 4.8 parts. 

_ The main drainage system was begun in 1848 and the city has been in legal diffi- 
culty from the pollution of the Aire since 1870. Experimental methods of disposal 
were early tried and, in 1874, settling tanks and chemical precipitation were under- 
taken. The method employed in 1913 was chemical precipitation, but this method did 
not produce an effluent which was considered satisfactory. 

The works for Leeds are situated at Knostrop on the River Aire near the south- 
east boundary of the city at a distance of 2 miles from the Leeds town hall. The pop- 
ulation which drained to Knostrop in 1912 was 435,845. 

One of the first things done by the West Riding of Yorkshire Rivers Board when 
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FIG. 18—LEEDS 


The sewage is conveyed to a central point beyond the city limits, where it is treated by chemical precipitation 
and the sludge dried by filter presses. A large area of land has been procured in order to provide for a more effi- 
cient process of disposal before the sewage is discharged into the river Aire. 


it came into existence in 1893 was to bring pressure to bear upon the Corporation of 
Leeds to deal with its sewage in an adequate manner. Soon after this, the works were 
increased in capacity and experiments were undertaken on biological treatment. The 
land available for the works was inadequate for material improvements and it was not 
until 1908 that 600 acres were purchased in the vicinity of Knostrop and the city is 
now going forward with the construction of needed improvements and extensions. 
The experiments made by Leeds between 1898 and 1905 left little to be desired for 
thoroughness and comprehensiveness. Asa result, it was decided that the process to 
be employed should be chemical precipitation followed by treatment with sprinkling 
filters, with possible subsequent settlement in humus tanks. This, process seemed 
likely to most completely satisfy the local requirements of site, quality of the sewage 
and the demands of the Local Government Board and West Riding of Yorkshire 


Rivers Board with respect to the quality of the effluent. This process also possessed 
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the following advantages: Small area required for settling tanks; the sludge would be 
easy to press with a small addition of lime; the danger of nuisance from smell would 
be reduced to a minimum because the process being rapid, putrefactive changes would 
not set in; the effluent from the precipitation tanks could be oxidized on beds 6 feet 
deep, whereas the beds would have to be 9 feet deep if they were to treat a settled or 
septic effluent separately; no costly process would be needed for the removal of solids 
from the effluent or the filter bed; the filters would be of a permanent character, if 
properly constructed; during heavy rains five times the dry-weather flow could be suc- 
cessfully treated. 

The new works provide for the sewage of 650,000 persons with a dry-weather flow 
of 48 U.S. gallons per capita per day, or a total of 31,200,000 gallons. During storms 
the works will care for a flow of 4.6 times this amount, or 144,000,000 gallons per day. 
Of this, the first 72,000,000 gallons receives full treatment and the remaining 72,000,000 
gallons partial treatment in tanks as storm water. 

The sewage first passes through coarse screens and grit chambers to remove the 
large solid particles. It is then pumped to the precipitation tanks and mixed with 
lime and, if necessary, other chemicals to eliminate the sludge. The effluent to the 
extent of 2.3 times the dry-weather flow is thence pumped to primary sprinkling 
filters through which it is passed by gravity to humus tanks or, if necessary, second- 
ary sprinkling filters and so to the river. The second 2.3 times the dry-weather flow of 
effluent flows by gravity to the river after undergoing settlement in tanks in conjunc- 
tion with treatment by chemical precipitation. The sludge resulting from the precipi- 
tation receives a dose of lime and is then pressed. The pressed cake is carried by rail- 
way to a site of 200 acres of low-lying land, where it is deposited and covered with a 
thin layer of surface soil. In 1913, 10,000 tons of sludge cake was consigned to 
farmers. 

The sprinkling filters cover an area of 42 acres with a depth of 6 feet. In the 
year 1913 the quantity of sewage dealt with at the Knostrop works averaged 22,100,000 
gallons or 50.7 gallons per capita per day. 


LONDON 


Imperfect methods of drainage resulted from the introduction of house drainage 
into the sewers after the year 1847. A commission known as the Metropolitan Com- 
mission of Sewers was created to improve the conditions, and this board superseded 
eight distinct and independent bodies which had formerly exercised authority over the 
London sewers. Within 6 years 30,000 cesspools were abolished, the houses being con- 


nected directly with the sewers. 
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This improvement to the drainage of the city was accompanied by decided injury 
to the river Thames and the public press began to agitate for a remedy. After various 
commissions had been appointed between 1849 and 1854, the Metropolitan Board of 
Works was created in 1856. The main drainage works which now exist are due to the 
initiative of that body which was especially created to put a stop to the pollution of 


the Thames. In 1899, the London County Council took over the work of main drainage 


and has since had authority over it. 

In 1856 Sir Joseph Bazalgette, Chief Engineer of the Metropolitan Board of 
Works, reported as to the plans necessary to completely intercept the sewage of Lon- 
don and discharge it into the river below the Metropolis instead of directly into the 
river at about the level of low tide. As the tide rose, the sewage was ponded back into 
the sewers. Heavier ingredients were deposited and the liquids remained stagnant for 


long periods. The sewage was carried back and forth by the rising tide, progress toward 
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FIG. 19—LONDON 


The sewage is carried to Barking and Crossness, beyond the city limits, where it is treated by chemical precipi- 
tation in covered tanks and the effluent discharged into the Thames. The sludge is taken to sea in tank steamers. 
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the sea being very slow. The condition of the Thames was exceedingly offensive, re- 
ceiving, as it did, the sewage of nearly 3,000,000 people in the midst of the city. 

According to Budd, a prominent physician of the time: “Stench so foul, we may 
well believe, had never before ascended to pollute this lower air. For many weeks the 
atmosphere of Parliamentary committee rooms was only rendered barely tolerable by 
the suspension before every window of blinds saturated with chloride of lime and by 
the lavish use of this and other disinfectants. More than once, in spite of similar pre- 
cautions, the law courts were suddenly broken up by an insupportable invasion of the 
noxious vapor. The river steamers lost their accustomed traffic, and travelers, pressed 
for time, often made a circuit of many miles rather than cross one of the city bridges.” 

The main feature of the scheme devised by the Metropolitan Board of Works was 
carried out between 1856 and 1874. It consisted of the construction of intercepting 
sewers with which the main sewers, which previously delivered sewage into the river, 
were connected. The intercepting sewers were carried to Barking on the north side of 
the river, 11 miles below London Bridge and to Crossness on the south side of the river, 
13 miles below London Bridge. The objects to be attained were to keep the sewage out 
of the river within the city limits, to substitute a constant instead of intermittent flow 
in the sewers, to abolish the tide-locked sewers with their constant accumulation of 
deposited matters and to substitute deeper and better sewers with improved gradients 
and outfalls. 

Eventually three classes of sewers came under the control of the Metropolitan 
Board: Main sewers running at right angles to the river; intercepting sewers parallel 
to the river, and outfall sewers running parallel to the river and beyond the intercept- 
ing sewers. These main drainage works received their sewage from local sewerage 
systems under the control of the vestries and district boards and now under the 
municipal borough councils of the many cities of which London is composed. ss 

The system was designed for a population of 3,450,000 persons and 129,600,000 
U. S. gallons of dry-weather flow collected in combined sewer systems. The amount 
of rainfall admitted was rather more than 21% times the dry-weather flow. The old 
sewers were used for storm overflows. 

In course of time the population increased beyond the provisions already made 
and additional intercepting and storm relief sewers had to be constructed. The average 
daily flow of sewage discharged at both outfalls for 1911-12 was 386,500,000 gallons per 
day. 3 

The total discharging capacity of the Barking and Crossness works is about 
859,000,000 and 943,000,000 gallons per 24 hours, respectively. The population drain- 
ing into the Council’s sewers in 1911 was 5,336,100. 
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The net capital expenditure of the Metropolitan Board of Works and the London 
County Council up to March 31, 1912, was $60,971,770. The total length of main in- 
tercepting and storm sewers is about 370 miles. 

The sewage which was carried to Barking and Crossness was at first discharged 
from reservoirs on the outgoing currents. A marked improvement was visible in the 
Thames after a time. Ten years after the opening of the works, it became apparent 
that the river was being overtaxed and the experience of years before in a crowded 
section of the city, when the sewage was carried back and forth and produced a nui- 
sance, was, in a measure, repeated near the works. 

In 1869, 1878 and 1882 inquiries were held and it was stated that sewage ought 
not to be discharged in a crude state in any part of the Thames. As a result of many 
experiments, it was decided to reconstruct the works at Barking and Crossness so as 
to treat the sewage on the principle of chemical precipitation. It was found that 
56.96 parts per million of lime and 14.24 parts per million of protosulphate of iron 
were sufficient practically to remove the whole of the suspended matter and the grosser 
part of the offensive odors. It was expected that the liquid part of the sewage would 
be assimilated by the river water. This method of treatment was put into effect at 
Barking in 1889 and at Crossness in 1891. 

The sewage receives the chemicals as it enters the works and then flows through 
underground settling basins, of which there are 13 at Barking, varying in length from 
860 to 1,200 feet with a width of 30 feet and a holding capacity of 24,000,000 gallons. 
The effluent flows from the basins into the river. At intervals of about 60 hours, each 
basin is shut off, the sewage withdrawn and the heavier suspended matters, called 
sludge, are pushed by hand labor to a sump and then passed through screens to storage 
tanks. 

The storage tanks discharge the sludge, containing about 92 per cent. of moisture, 
to vessels which carry it to sea. The sludge vessels have a capacity of 1,000 tons each. 
They carry their cargo 57 miles below Barking to the mouth of the Thames estuary, 
where discharge takes place over a length of about 8 or 10 miles. Approximately 8,200 
pounds of sludge were sent to sea daily in 1911. The vessels are of modern construc- 
tion with twin screws and discharge their cargoes by gravity. 

At Barking and Crossness, where the liquid part of London’s sewage is discharged, 
the Thames is over 2,000 feet wide and has a range of tide of 18 feet. There is a flow 
of tidal water of 2,000 million cubic feet a day and, in addition, a discharge of 100,000 
cubic feet of upland water. The effluents do not produce unsightly conditions. The 
river water is somewhat turbid, often more so than the sewage which is discharged 


into it. The average percentage of saturation of dissolved oxygen in 1912 was 20.8 
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at high water and 35.5 at low water near the Crossness works. During warm weather 
some odor is produced for 10 or 12 miles above and below the outfalls, but this is not 
noticeable much beyond the river banks. 

Anticipating that it may be necessary to produce an effluent of greater purity than 
is possible by chemical precipitation, the London County Council has recently ob- 
tained an area of about 750 acres in the vicinity of Barking and Crossness, where im- 


proved methods of sewage disposal can be employed. 


SALFORD 


The Salford works occupy about 20 acres of land adjoining the Manchester Ship 
Canal and otherwise surrounded by a built-up section of the city. The works consist 
of chemical precipitation tanks, roughing filters, sprinkling filters and sludge tanks. 
The sludge is carrier to sea by a vessel, the distance traveled being 128 miles in the 
round trip. 

Most of the sewage reaches the works from the main intercepting sewer, which is 
laid near the river Irwell, crossing the river at three points. About one-third of the 
sewage which is brought in the main interceptor flows through the works by gravity. 
The dry-weather flow is about 13,200,000 U. S. gallons, of which about 9,000,000 flow 
between 9 A. M. and 9 p. M. The average flow is between 15,600,000 and 19,200,000 gal- 
lons, and the greatest flow provided for is 38,400,000 gallons. As in most English towns, 
the sewers take storm water as well as house sewage and industrial drainage. Of the 
13,200,000 gallons of dry-weather flow, about 7,920,000 gallons is domestic sewage, as 
estimated from the drinking water supply; about 3,600,000 is liquid trade waste and 
the remaining 1,680,000 is ground water. The ultimate flow provided for is 161 gal- 
lons per capita per day, reckoned on the basis of a population of about 231,000 in 1911. 

At the disposal works, the main intercepting sewer has a sump sunk 2 feet below 
its invert from which a chain bucket dredger daily transfers by steam power such 
deposits as occur into cars which convey them to sludge tanks and so to sea by steamer. 

There are three screening chambers controlled by valves. The screens are 3 feet 
wide, 13 feet high and have bars 34 of an inch apart. From these screens the sewage 
is pumped between 20 and 30 feet to a mixing chamber from which it flows by gravity 
throughout the rest of the works. The sewage flows through the mixing chamber 
toa weir below which dissolved salts of iron are added, and about 20 yards further 
milk of lime is applied. 

Settling tanks, five in number, are situated on each side of a central channel 10 
feet wide, 4 feet deep and 550 feet long through which the sewage flows after receiv- 
ing the chemicals. It is possible to conduct the flow through all of the 10 tanks in 
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Note: The darker areas represent 
the denser populations 
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FIG. 20—SALFORD 


The sewage is treated by chemical precipitation, roughing filters and sprinkling filters. The sludge is shipped 
to sea in tank steamers. 


series or through groups of 5, 3 or 2 tanks. Sewage can also be carried through single 
tanks operated in parallel. Any tank can be shut off, emptied and cleaned when re- 
quired. The capacity of the 10 tanks is 6,000,000 gallons. Each is about 150 feet 
long, 82 feet wide and from 7 to 10 feet deep. The sludge which is deposited here is 
carried away to sludge tanks which deliver it to the ship to be carried to sea. 

The sewage is withdrawn from above the sludge and led to the roughing filters, of 
which there are six. Each roughing filter has a row of inlet holes supplied from a 


chamber in the outlet channel. The floor is of perforated tile set on short legs. The 
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filtered material consists of 3 feet of gravel between one-sixteenth and five-sixteenths 
inch in diameter. Their object is to remove matter in suspension and especially col- 
loidal matter which has escaped the precipitation tanks. About three tons, reckoned 
as dried material, are removed daily. The roughing filters are washed by an upward 
or reverse current, the washing process being facilitated by a system of air pipes fitted 
near the floor. The air is blown through these pipes at a pressure of 2 pounds per 
square inch, escaping by means of 4,800 holes of one-eighth inch diameter and 14 
inches apart, thereby distributing the gravel and facilitating the upward flow of 
wash water. | 

The sewage passes to the sprinkling filters by means of 30-inch pipes with suitable 
branches and control valves and is distributed by means of spray jets, each serving 
an area 10 feet by 5 feet 2 inches. 

The filter floors are concrete with culverts at 62-foot intervals for conveying the fil- 
tered sewage to the final outfall sewer, which is 4 feet in diameter. The earlier beds 
have ventilating manholes at each end and the beds recently constructed are provided 
with vent shafts and open sides to allow free airway. 

The filtering material is crushed cinders and clinkers, the particles ranging in 
size from about three-sixteenths to three-quarters of an inch in diameter in the earlier 
beds and from one-quarter to one and one-quarter inches in diameter in the later beds, 
with some coarse material at the bottom. All the sprinkling filters have recently been 
emptied, the media washed and new media used as follows: 12 inches of material 3 to 
5 inches in diameter, 7 feet of material from %4 to 11% inches, then another 12 inches 
of the existing washed material not less in size than half an inch, thus making the 
depth of the bed 9 feet. 

The spray jets work under an available head of about & feet and these deliver at 
the rate of 62 gallons per square yard per hour, or 1,440 gallons per twenty-four 
hours, if running continually. There are 39,000 square yards of bed. It has been 
found desirable to run each bed for two hours and then rest it for 10 hours, accord- 
ing to the quantity of sewage to be dealt with. The effluent from the sprinkling fil- 
ters discharges into the Manchester Ship Canal, formerly the river Irwell. 

The sludge from the precipitation tanks flows to sludge tanks where men with 
push bars sweep it to an outlet leading to the sludge tanks, wading in the sludge with 
waterproof thigh boots. There are two sludge tanks, saucer shaped, 100 feet in diam- 
eter, 9 feet deep, holding about 3,000 tons of sludge. The sludge is pumped by double- 
acting piston pumps with a capacity of 200 tons per hour to a sludge steamer lying at 
a neighboring wharf. The steamer is 130 feet long, 13 feet beam, 11 feet draft loaded 


and carries 600 tons of sludge. The distance traveled to the dumping grounds, near 
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the northwest lightship off Liverpool, is 64 miles. Four or five trips are made each 
week. | 

The management of the works has under consideration the questions of extending 
the two filter beds, the sprinkling filters and the provision of grit chambers and humus 


tanks. 


SHEFFIELD 


The sewage of Sheffield was discharged, untreated, into the rivers and water 
courses in the vicinity of the city until 1886, at which time main drainage works were - 
completed and a sewage disposal plant was built to work on the principle of precipi- 
tation by means of lime and aeration over weirs, followed by continuous filtration 
through coke. A few years ago, it was decided to reconstruct the works so as to 
operate in accordance with the principles of sedimentation and subsequent oxidation 
in contact beds. 

The city, which is one of the most important municipal centers in England has a 
population of about half a million. The natural elevations of the land are such as to 
make it unnecessary to pump the sewage at any point through the total length of 400 
miles of sewers or to the outfall, which is about 8 miles from the farthest point at 
which any of the sewage enters the sewerage system. 

At the time the reconstruction of the disposal works was begun, the plant 
covered about 23 acres. There were 30 precipitation tanks, each with a capacity of 
60,000 U. S. gallons. The estimated average daily flow for which the works were de- 
signed was 12,000,000 gallons, but for some years a flow of approximately 20,400,000 
gallons and a maximum of 26,400,000 gallons was treated. 

The sludge produced amounted to between 800 and 1,000 tons a week, as meas- 
ured in condition for removal. The sludge was carried away from the works by rail 
and pumped upon land, about 22 acres of country land being reserved for the purpose. 
In all about 1,000,000 tons of sludge have been dealt with in this manner. 

The foregoing method of sewage disposal was not satisfactory to the Local Gov- 
ernment Board and West Riding of Yorkshire Rivers Board and it was in conse- 
quence of this fact that Sheffield was compelled to adopt a more efficient process. 
Precipitation with lime came to be regarded as having no effect upon the dissolved 
impurities and was therefore incapable of preventing decomposition of the effluent 
when mingled with the river water. 

Various ways of dealing with the sewage were considered, among them the con- 
struction of an outfall from Sheffield to the east coast of England by means of which 


the sewage could be discharged into the sea. Biological experiments were made of 
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various methods of purifying the sewage, with the result that settlement, followed by 
treatment in contact beds, was eventually decided upon, after a full consideration of 
the results of the experiments, the difficulties of site, the trade wastes peculiar to the 
city and other local circumstances. 

The settling tanks were to operate upon the contact principle with the understand- 
ing that if single contact did not accomplish the oxidizing effects wanted, second con- 
tact beds could be added. The reconstruction of the works represents an expenditure 
of about $2,000,000 and has had to be carried on without interference with the old 
works. 

The new works are capable of dealing with a maximum flow of 77,400,000 gallons 
per 24 hours. This increase above the 12,000,000 gallons’ capacity of the old works is 
due partly to the increase in population of Sheffield, but chiefly to the fact that the 
Local Government now requires six times the dry-weather flow to be treated during 
periods of storm. The average dry-weather flow is expected to be about 14,400,000 
gallons per day. 

The whole of the sewage will pass through catch-basins, grit chambers and settling 
tanks and the flow, up to 38,640,000 gallons, will be treated on contact beds. 

The grit chambers are constructed in the form of double hoppers, between each of 
which a screening arrangement extends the whole length of the chamber. The screens 
are cleaned by hand rakes. This method of cleaning has worked so satisfactorily in 
the past that it has not been thought necessary to introduce mechanical appliances. 
The sand is removed from the grit chambers by two endless chain bucket elevators. 
Two other chambers have been added, fitted with a mechanical screening plant and 
with a traveling bucket dredger. 

The sewage passes from the grit chambers to the settling tanks, which are 17 in 
number, and arranged on each side of a main feed conduit. The total capacity of the 
tanks is 18,000,000 gallons or 114 times the estimated dry-weather flow. Up to the 
present, the sludge has been discharged into lagoons on the ground for temporary 
storage. The lagoons now cover an area of about 5 acres and have a working depth 
of 12 to 18 inches. After being partly dried, the sludge is loaded into cars and taken 
to the country to be dumped. 

| Sixty new contact beds are provided for in the new scheme, each bed having an 
area of one-half acre. The beds are composed of screened clinker, graded from coarse 


to medium size, with the finest on top. The depth is 4 feet. 


CHAPTER III 


RAINFALL AND THE RELATIONS BETWEEN THE VOLUMES OF 
DOMESTIC SEWAGE, STORM WATER AND TIDAL 
WATER IN NEW YORK HARBOR 


The sewerage systems of New York and other municipalities in the Metropolitan 
district are described and the principles of their design, as far as ascertainable, are 
given in the report of the Commission dated April 30, 1910, pages 217 to 361, inclusive. 
The quantities of domestic sewage are there stated for the Metropolitan district and, 
so far as they relate to New York City, have been given in revised form in the Cominis- 
sion’s preliminary report No. VI, dated February, 1913.* In the two reports mentioned 
will be found data giving the volumes of tidal water. The rainfall data which have 
been compiled by the commission are stated for the first time in this place. 

The volume, intensity and frequency of rain-storms have an important bearing on 
the question of sewage disposal, especially in those cases, as at New York, where the 
sewers are built upon the combined plan. ; 

With respect to volume, the water which falls in the built-up parts of the city 
during the course of a year in the form of rain and snow and flows away to the sewers 
bears a very small proportion to the quantity of domestic sewage. The volume of 
storm water seems greater than it really is, probably because of its appearance in the 
streets and on account of the large size of the sewers which are built to carry it off, but 
it is to be remembered that there are many days when no storm water is produced, 
whereas the ordinary flow of domestic sewage is continuous. Excepting in rural dis- 
tricts, where little or no sewage is produced, the volume of storm water is small as com- 
pared with the dry-weather flow. 

The frequency of rain-storms of sufficient intensity to wash the dirt of the streets 
into the sewers must be taken into consideration. The first flush of storm water from 
a city is often more foul than house sewage, and the more intense and less frequent 
the storms, the greater is the quantity of polluting matter which is likely to be carried 
with the initial rush. In addition to the washings of the streets, the deposits which 
exist in some parts of nearly all sewers are likely to be scoured away and these may add 
considerably to the solid matters discharged by the sewers. 

The first effect of a storm is to increase both the volume and concentration of the 
sewage, and this effect is greater or less depending on the violence and duration of the 
storm. When rain-storms continue for long periods of time their effect is to dilute the 


sewage. The scouring and flushing actions which occur at first gradually cease for 
*See Part II, Chapter I1,¥page 46 of this report. 
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want of solid matter to dissolve or wash away and the water which enters the sewers 


from the streets and roofs becomes less polluted than the ordinary domestic sewage. 


ALLOWANCE FOR STORM WATER 

It is customary in designing sewage disposal works which are to deal with the com- 
bined sewage of houses and streets to provide a plant sufficient to handle the dry- 
weather flow and some of the first flush of storm water. In the studies made by this 
commission for main drainage and disposal works for New York, allowance has been 
made for storm water by providing for twice the average dry-weather flow. This pro- 
vision gives room for the maximum discharge of domestic sewage, which may be 50 per 
cent. above the average at certain hours of the day and makes it possible to deal with a 
considerable amount of storm water, provided it falls at a time when the ordinary 


domestic flow is not at a maximum. 


The importance of giving careful consideration to the rainfall is greater in design- 
ing collecting systems of sewers than in providing for final disposition. The function 
of such sewers is not only to carry off the drainage of the houses, but to prevent accu- 
mulations of water in the streets. It sometimes happens, when excessive falls of rain 
occur, that sewers are surcharged. At such times the drainage of houses is interfered 
with and often stopped, in which case cellars may be flooded and other serious incon- 
venience produced. 

It is usually impracticable to provide combined sewers of a size and grade sufficient 
to carry away the water which falls in storms with sufficient promptness to insure that 
inconvenience from flooding shall never occur. At long intervals rainfalls of excep- 
tional severity take place, and to provide for these, sewers would have to be built so 
very large that they would represent a considerable investment over the sum required 
to give them sufficient capacity for all the ordinary and most of the heavy rains which 
are likely to fall. 

Fig. 21 shows the comparative size of sewers intended to accommodate domestic 
sewage, ordinary storm and house sewage and the greatest probable amount of storm 


water with the same amount of house sewage as is provided in other instances. 


Bor Greatest Probable Storm For Ordinary Storm House 


and House Sewage, and House Sewage. Sew 
Alone 


For Densely Populated Area. 
(287 per Acre) 


FIG. 21 
Relative Sizes of Sewers for Combined Storm Sewage and House Sewage 
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The assumption upon which this figure has been drawn is that the area is popu- 
lated to the extent of about 237 persons per acre. Under some circumstances the 
volume of storm water may be nearly 80 times the volume of domestic flow; about 2 
per cent. of the annual rainfall may reach a combined sewer in 15 minutes. 

Studies have been made by the commission to show the amount of storm water 
entering New York harbor from various parts of New York City. The divisions, areas 
and volumes of domestic sewage correspond with Figures 1 and 2, page 18, and Fig. 9, 
page 30, of the report of this commission dated August 1, 1912, as near as practicable, 
where the areas were tributary to the various parts of the harbor waters. 

The rainfall was taken from the United States Weather Bureau records from 1875 
to 1912, inclusive. The yearly average was 43.97, the minimum 35.73 and the maxi- 
mum 58.68 inches. The runoff was assumed to be from 40 to 80 per cent., according 
to the density of population of the various parts of the drainage areas. 

Table XCII has been prepared to show the estimated relative volumes of storm 


water and domestic sewage entering various parts of the Harbor from New York City. 


TABLE XCII 


ESTIMATED RELATIVE VOLUMES OF STORM WATER AND DOMESTIC SEWAGE ENTERING 
VARIOUS PARTS OF THE HARBOR FROM NEW YORK CITY. 





Per cent. of Vol- 


Acres Millions of cubic feet Daily ume of Sewage | Population Density 
Drainage to Th d Persons 
———_ | Theusande - 
Net |Parks| Total | Rain |C| Run-off | Sewage | Rain | Run-off Acre 
Hudsonrv..e sake 5,122 | 349 5,471 | 2.39 |85} 2.03 | 33.50] 7.1 6.1 | 1,562.6 306 
Harlem : 8,783 |1,759 | 10,542 | 4.61 |60) 2.77 | 40.29 | 10.7 6.9 | 2,105.8 239 
Upper East river.. .2| 39,717 |2,431 | 42,148 |18.43 |40) 7.37 6.64 |277.6 | 111.0 304.8 8 
Lower East river... | 16,852 [2,229 | 19,081 | 8.33 |80) 6.66] 64.6 | 12.9 10.3 | 3,785.9 198 
Jamaica bay.......4| 53,659 | —— —— |23.47 |50| 11.74 | 27.20 | 86.3 43.2 | 1,415.7 26 
Kill van Kull......5| 6,647 | —— —— | 2.91 |60} 1.75 7.91 | 36.8 22.1 432.9 65 
Upper bay.........5| 12,519 | 458 | 12,977 | 5.69 |70) 3.98 | 25.80 | 22.1 15.4 | 1,617.9 129 
1From Harlem river to the Battery. 
2Includes sewage from Hudson area, 573 acres, Harlem river to N. Line of City. 
SAgrees with Preliminary Report IV. 
‘Agrees with Preliminary Report III. 
5Agrees with Preliminary Report V. 
Manhattan and Brooklyn.................... 1960 
Population and Sewage ain ASAI IP ch hag Se ee a ak 1950 
Bronx ice uk cle en eee a eater airs Leben. ale 1940 


C Assumed percentage of rain flowing to streams. 


Table XCII shows that the percentage of daily rainfall to daily sewage is about 7 
per cent. in the most densely populated parts of the city. In the course of a day or month 


or year there is about ten times as much domestic sewage as storm water entering di- 
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rectly to the Lower East River. It will be observed that the annual rainfall has had 
a wide range in the 37 years for which records are available. The minimum of 35.73 
inches, which is about 81 per cent. of the average, occurred in 1895 and the maxi- 


mum of 58.68, or about 133 per cent. of the average, occurred in 1889. 


INTENSITY OF RAINFALL 

In regard to intensity of rainfall, marked variations have been observed. In the 
month of September, 1882, 14.51 inches fell, or about one-third of the total annual 
average. On the twenty-third day of the same month 6.17 inches fell in 24 hours, or 
4214 per cent. of the monthly rainfall in one-thirtieth of the month. 

The records of the United States Weather Bureau have been examined since obser- 
vations were begun for the heaviest rainfalls which have occurred in brief intervals of 
time. The intensities lasting 5, 10, 15 and 30 minutes and 1 and 2 hours have been 
taken from the records and are here presented. The earliest records were made in 
1896. The rainfall in 5, 10 and 60 minutes was observed from this time forward with 
the exception of December, 1896, June, 1897, and February, 1898. The records for 
periods of 15, 30 and 120 minutes were begun in January, 1903, and continued to the 
present time. 

These records are all contained in Table XCIII, which, for convenience, has been 
arranged to show the intensity of precipitation according to years, months and the brief 


periods of time here stated. 


TABLE XCIII 


New York City—Greatest MONTHLY PRECIPITATION IN INCHES IN 5-MINUTE, 10-MIN- 
UTE, 15-MINUTE, 30-MINUTE, 1-HouR AND 2-Hour PEriops, 1896 To 1911, INCLUSIVE. 


January February March 

Year |] He 
5m.| 10m.| 15m.| 30m.} 1h. | 2h. | 5m.| 10m.| 15m.} 30m. 1h. | 2h. | 5m.} 10m.) 15m.) 30m.) 1h. | 2h. 
1896........., —} —] —Sq_ SS Ss Ss BS _ ss ss es a oe oo | 
SSE eres —| — | — | — | — — .04) .06 | — | — | .25] —} .03} .05 | ——- | —-| .19) —— 
Bene, oe. ics .06} .08 | —— | —— |] .80) —}| —}| — | — | — | —) —| .04) .06 | —— | —] .16) — 
co ie ea cae 07} .11 | —— | — | .39] ——| .03] .05 | ——- | ——-] .24; —-] .08] .12 | —— | ——] .40) —— 
DOOD es ck s .06} .10 | —— | —— ] .42} —-| .08} .17 | ——-.| —— | .55; —-] .04) .07 | —— | —— | .24) —— 
DO tes oe esa. .03} .05 | —— | -— | .12} —-j .02} .03 | ——- | —— | .08] —-] .12} .22 | —- | —_| .64) —— 
Rd Se 04} .07 | —— | —— | .14| —-{ .05} .09 | —- | —— | .35) —| .05) .07 | —— | —— | .21) —— 
Us ee Sa .06] .10 | .13 | .20 | .86] .54] .10) .12 | .138 | .14] .20} .35] .10) .15 | .16} .19 | .27| .29 
hs .04] .06 | .08 | .17 | .29) .47} .03} .04] .06 | .11 | .18} .29) .07; .10 | .11 |] .15] .23) .33 
BOOT ele ics ses « 05} .09 | .11 | .19 | .30] .53} .04) .06 | .08 | .15 | .26} .47) .04) .06 | .07 | .11 ] .17| .30 
UUs ee 06} .10 | .14 | .24 | .43] .65] .06) .10 |] .14] .18 | .30) .41) .04) .06 | .09 | .15] .28) .52 
Ue 05} .06 | .08 | .13 | .25} .47| .02} .04 | .05 | .10 | .12) .22) .11) .13 |] .14] .19 | .29) .45 
ee .06} .11 | .15 | .25 | .37| .69} .06] .10 | .13 | .23 | .43] .77) .04; .06 | .06 | .10] .16) .24 
i tO7t 10°) ol? t219)}..38! 421 205) 7.10 | 13) ..18 40.25) +36) 06F 10 P12) 23° 1.401 74 
COL As ek.» 061.10} -13-}..19.| ..24| 231). .O7)- 11 )..15 )..21 | 36)... 71) .06) 08. [-.09 | .14 | .20] .23 
POTN cls wan» .O7| .10 |] .11 } .11 |. .19} .28] .13] .17 | .21 | .31 | ..53}] .80| .13] .19 | .22 | .25 | .27| .43 


Norre.—Record has only been made of the greatest intensity for each period during the month. Other storms 
of high and equal, or less, intensity may have occurred during the same month. 
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April May June 
Year a 
5m.| 10m.| 15m.} 30m.| lh. | 2h. | 5m.| 10m.} 15m.} 30m.| 1h. | 2h. | 5m.) 10m./ 15m.] 30m.) Lh. | 2h. 
1896.45 eee 03} .06 | —— | —- | .22} ——| .15) .25 | —- | —— |] .46}] ——| .19} .81 | —— | —— | .56) —— 
TSO7 eee 05} .10 | —— | —— | .20]} ——j .20} .36 | —— | —— | .68} —-| .42] .57 | —— | —]| .69} — 
1898. AT eee: 26} .30 | —- | —— | .36; —-| .09) .16 } —— | ——]| .28} ——] .12} .15 | —— | —] .24) —— 
18995 ssiactc ake: 02} .04 | —— | —— | .16} ——| .05} .09 | ——-| —— ] .24) —-] .16] .25 | —— | ——]| .46) — 
19005 7 eeeae 05! .o7 | —— | —— | .25) —-| .18] .28 |} -— | — | .98} —-| .26} .50 | —— | —— ]1.55) — 
190] Ci eae 09} .15 | ——- | —— | .43} —-j .16} .19 | —— | —— | .40} ——| .10} .12 | —— | ——] .32] — 
1902 Rae 06] .10 | —— | —— | .44) —-] .10} .20 | —— | —— | .27) —-| .22} .86 | -—— | —— | .67) — 
L003 7 ae ae 04] .06 | .08 | .12 | .20]} .36) .07;} .07 | .07 | .08 | .08} .09) .30} .41 | .48 | .74 |1.30)1.94 
190454 09} .13 15. | .23 | .34) 2451.22) 25 |e 280) S375) 642) 243i ele Donic On neects ia ech nS 
1905S onto. 07; .09 11 17 | .23} .28} .09) .13 | .15 17 | .19} .19] .38) .61 | .66 | .66 | .66) .87 
1906S Ao 10} .18 | .24:| .36°) :64] .91}).35| .59.) 68 | .77 >| -94iL 06) . 15), 5238) 2265 |e soa ees 
LOOT ere 10) 215). 20225) |) 228) 234 eb 20s ie 2S ed tee Acie GeO eee 13 19) |) 226)e e387, 
1908, P-e ,O8| .11 | 2138 | .26%% .42) 762} (24) .34°1°739 7) 145 | (81115 20S 14a eo eee eo GO 
1000 Min -06):.11 |) 216 |) .22:4. .43}.271) 06) 2.06.) 07%) 09: |: 217) <28) lbs 85 | eo 2 ese 
19108, See 14, .24 | .27 | .41 | .83] .74) 709) .14-1- 715 | 19 |) .22)°.29) 225] 41) aS eo Saieeoo mos 
LOLI ae .05|} .06°) 07 | .14 7°] 226) (37) .O7) 21217 139) 713%) 25) 321). 20/5132 5408 asses ao 
July August September 
Year 
5m.| 10m.| 15m.} 30m.) lh. | 2h. | 5m.] 10m.} 15m.} 30m.} 1h. | 2h. | 5m.| 10m.) 15m.} 30m.} Lh. | 2h 
1896, 40] .58 | —— | -—— |1.04| ——| .19] .82 | —— | —— | .39] —-]| .23] .27 | —— | —— ].47 | -— 
18078282 ee 28} .40 | —— | —— | .85]) ——| .32] .46 | —— | —— | .75) ——} .18] .26 | —— | ——] .53} — 
1898 34 ta 34) .44 | —— | —— |1.27} —| .24] .26 | —— | —— ] .41] —-| .12] .16 | —— | ——]| .39} — 
1899S ote 27) .49 | —— | —— |1.42} —| .31] .438 | —— | —— |1.20) ——| .22] .37 | -— | —— | .95| —- 
1900.55 538 34] .41 | —— | —— | .65} —-| .16| .27 | —— | —— | .47; ——| .12] .12 | —— | —-]| .31] — 
LOOLP ree cn 38] .63 | —— | —— {1.29} —-| .48] .82 | —— | —— |1.36}] ——] .25] .29 | —— | —— | .34; —- 
1902 .47| .73 | —— | — | .88] ——| .37| .65 | —— | —— |.101}) ——| .07| .12 | —— | ——] .26| — 
1903 See ee .23| .89 | .42 | .50 |} .50) 55] -.10) 211 | 215) 325 | 246) 383) 2 14) N2oe 20 eee 
1904-Feree .19} .27 | .27 | .48 | .59) .63] .40) .64 | .78 |1.18 |1.66]1.80] .25} .38 | .40 | .61 | .80/1.10 
1905 ae? ee .74|1.26 |1.63 |2.09 |2.30/2.58] .20) .86 | .48 | .80 |} .98] .98) .20} .27 |] .33 | .60 |1.00/1.38 
1906 2.abie - ee .19} .28 | .83 | .44 |] .64| .69] .52] .97 {1.22 |1.35 |1.36]1.36] .16] .31 | .47 | .63 | .89) .96 
TOOT ese Ea .11} .15 | .20 |] .20} .24) 237] .17) .30°| .45 | .66.| 284), 97). 22) 33) |B 408 Seb On enon mess 
AQOS AN Giaees .o9} 249") .75 {1.14 11/22/1562) .15) .29°) .380 | .47 | . 7411.28] 101 7138") 16 192275 eae aos 
1909 ee: .18| .26°] <381-) -83 | £33) .45) 12] 216) .24 ) 339-1 .60) 871-09] 1S S| aA eel oe eo eeca 
191022 ee 106} .07 | .08 | :12 | .11| sb) 322) 438°] 155. |) 270.) 273) a3ie 05). 08) 12 eet O ees ees 
TOU PSF ee 10) .17 | <81-| <20-|- 22] :80} .16) 28 |. 284 -|) 44-1- 2593) 272) 2.07) 2124) Moab Geieee ties 
October November December 
Year Psd Da ng ls eB Pb cL Sn 
5m.) 10m.} 15m.} 30m.| lh. | 2h. | 5m.) 10m.} 15m.} 30m.| 1h. | 2h. | 5m.| 10m.| 15m.} 30m.] Lh. | 2h 
L896 cor ean 03} .05 | —— | —— | .19; —-| .05} .08 | —— | —— | .18| —-| —-} — | — | — ] —J — 
189728 ee: os} .12 | —— | —- | .18; —| .09} .18 | ——- | ——-]| .47| —-| .07| .11 | —— | ——]| .45} —— 
1898 Tease ert 36] .53 | —-— | —— | .57| —-| .06} .10 | —- | ——] .31} —- .10} .14 | —- | ——] .24| — 
1899) wt hee, .07} .09 | —— | —— | .27| —| .06) .08 | —— | —— |} .17} ——j .06) .08 | —— | —  ] .20) — 
1900 Fa shai. .17| .27 | —— | ——] .88] —-| .14] .21 | —— | —— | .53] -—] .05) .08 | —— | —]| .32} — 
1901 eee. 09} .11 | —— | —- | .28} —-} .02} .03 | —- | ——]| .14) —-j .04; .07 | —— | ——]} .26) — 
L902 S eae: 19} .82 | — |} ——] .57| ——| .03) .04 | —— | ——] .11} ——| .09} .15 | —— | —]| .32} — 
1903) Aes: 28] .41 | .65 | .99 |1.49/2.42) .08] .12 |} .12 15 | .26} .31) .02) .04 | .06} .11 | .20) .39 
TOQORT ee Pets 12} .19 | 4.26 | (381) (661-13) 207). 11 | a4 We 4a 38) 471-02) £03) | 04) a0 ja ees 
L905 ES nee 12] .19 | .25 | 3801 .36) 256), 203), 205") £07 | 2 10R S18) 231) 208) 162) e225 ee oOneeoomets 
L906 eet 19} .25 | .31 | .838 | .48] .60) .02] .04 | .04 | .07 13] .24| :05| .10 }'.15 | *.21 1330) 745 
L90 Fecal 13} .20 | £23 | 7321) 748] 763) 106) LL IT ore S448) a) ED ea ee eer 
1908 7 h.hee. 21| .31~1.:.40 | 587], 64) 765); (02) 1.037) 204 |) 5074) 214)" -°20) 508) 213 | O18 1) 223s eae 
ESOS Steeotneen ee 07} .08 | .08 | .08 | .14} .21) .03] .05 | .06 |} .10 | .16] .20) .12) .20| .24 | .47 | .66) .97 
LOLO eae. 18| .30 | .42 | .70.| .91]1.31; .04] .08 | .11 | .20 ] .37] .63} .02) .03 | .05 |. 09] .18} 135 
LOD er eee 09} .10 | .13 19 | .381} .42} .04| .08 | .12 | .21 | .34] .65|-.03] .06 | .07 | .10 | .15] .24 
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From Table XCIII, Table XCIV has been prepared to show the variations which 
have occurred in the rates of precipitation. These rates have varied from 1 to 9 inches 
per hour. The data are arranged according to the rate of precipitation and the periods 
of time during which these rates were continued. The greatest rate was 8 inches per 


hour and this was continued for 5 minutes. 


TABLE XCIV 


NUMBER AND PERCENTAGE OF MONTHS IN WHICH THE RATE OF PRECIPITATION EXCEEDED 


1 INCH PER Houvr. 
(See Note on Page 6.) 








Period 5 Min. 10 Min. 15 Min. 30 Min. 60 Min. | 120 Min. 
Total Months * 
Chel 186 186 108 108 186 108 
TAO Reesor 101 78 34 20 15 2 
=54.3% =41.9% =31.4% =18.5% =8.1% He SA 
1 Oe: Se 80 64 23 13 10 1 
=43.0% =34.3% =21.3% =12.0% =5.4% =0.5% 
i ae 69 59 19 7 3 0 
=37.1% =31.7% =17.6% = 6.5% =1.6% =0.0% 
We os ae 63 42 13 5 1 — 
=33.9% =22.6% =12.0% = 4.6% =0.5% 
24 a 53 27 8 4 1 
es =28.5% =14.5% = 7.4% = 2.15% =0.5% 
S SR ee 36 19 7 2 0 
2 =19.4% =10.2% = 6.5% = 1.1% =0.0% | ———— 
PRES Oasis tieiewss 26 13 4 1 
A =14.0% = 7.0% = 3.7% = 0.9% 
bevaeO a). 8... 5 18 8 2 1 
8 = 9.7% = 4.3% = 1.9% = 0.9% 
Fe EDO Tae ss oe ao 15 4 2 1 ——— 
4 = 8.1% = 2.15% =1.85% = 0.9% —_——— 
MOS aera 10 3 2 0 
o = 5.4% = 1.6% = 1.8% = 0.0% 
SOD oe Wy sc, < + 5 2 1 
2 = 2.7% = 1.1% = 0.9% 
BGR OO edi iki 3 1 1 
= 1.6% = 0.5% = 0.9% 
Foe Ao a 1 0 0 — — 
= 0.5% = 0.0% =0.0% 
BrO0et cc ky eos 1 — 
= 0.5% — 
CALL: Eig an eae 0 —_—— 
= 0.0% — 


To facilitate the use of the data contained in Tables XCIII and XCIV curves have 
been prepared to show the most important facts with regard to the intensity of rainfall. 
Fig. 22 gives the frequency of rates of different intensities for various periods of time, 


arranged according to the percentage of months in which they have occurred. 
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FIG. 22 


Frequency of Rainfalls of Different Intensities 
Manhattan 


Fig. 23 shows the frequency of various intensities which have lasted for 5 minutes, 
arranged so as to indicate the number of times which they have occurred per year and 


the mean interval in months which has occurred between storms. 


Based on U.S. Weather Bureau 
Records of most severe Storm 
of each Month, 1896-1911 


Rate of Rainfall in Inches per Hour 
i) - 





Mean Interval in Months between Storms 
10 12 14 16 0«=618 20 22 Ue 





FIG. 23 


Frequency of Rainfalls of Different Intensities for 5 Minute Periods 
Manhattan 
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Figs. 24, 25 and 26 are uniform with Fig. 23 except that they cover rates which 
were maintained for longer periods. 
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Number of Times per Year 
3 4 6 


Mean Interval in Months between Storms 
60°70 'S 90 100 110 120 130 140 150 160 170 





FIG. 24 


Frequency of Rainfalls of Different Intensities for 10 Minute Periods 
Manhattan 


Based on U.S. Weather Bureau 
Records of most severe Storm 
of each Month, 1903-1911 


i) 


Rate of Rainfal) m Inches per Hour 


Number of Times per Year 
1.5 2 2.5 


Mean Interval in Months between Storms 





30 40 50 60 
FIG. 25 
Frequency of Rainfalls of Different Intensities for 15 Minute Periods 
Manhattan 
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Note:- 
Based on U.S. Weather Bureau 
Records of most severe Storm 
of each month, 1903-1911. 
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Number of Times per Year 
peepee yn yee at 


Mean Interval in Months between Storms 
125 150 17%5 8 200 225 250 


FIG. 26 


Frequency of Rainfalls of Different Intensities for 30 Minute Intervals 
Manhattan 
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EXAMPLE OF A SEVERE RAINFALL } 

A rain-storm of unusual severity occurred in New York on October 1, 1913. The 
study which the commission made of it will serve to show how beneficial a rainfall may 
be in diluting the polluted water of the harbor. In this study the harbor has been con- 
sidered to consist of ten divisions defined by the commission in its previous reports. 
The rainfall, as observed at a number of stations maintained chiefly by the Weather 
Bureau, has been computed for the drainage areas tributary. The runoff data for the 
land surfaces within the Metropolitan district are based upon the figures stated in 
Table XCII, increased somewhat because of the unusual length and character of the 
rainfall. 

The rain gauge records used were those of the Weather Bureau stations at the 
Whitehall Building and Central Park in Manhattan, the Brooklyn Eagle Building in 
Brooklyn, of the Sewer Bureau at the Bronx Borough Hall, Westchester and Richmond 
Borough Hall and of the City Engineer at the Newark City Hall. The location of the 
rain gauges from which the rainfall records were taken is indicated in Fig. 27. 
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FIG. 27 
Rain Gauge Stations 


The records from the foregoing gauges varied somewhat so that it seemed desir- 
able to take an average of two or more to show the amount of rain which fell in the 
different areas. Some idea of the character of the storm, particularly the varying 
rates of precipitation can be obtained from Fig. 28, which has been prepared from data 
collected at the Weather Bureau Office in the Whitehall Building near the center of the 
Metropolitan district. | 


RAINFALL AND DILUTION OF SEWAGE 49] 


now 


® omh Re 
Inches of Rain Falling in Five Minutes 

















i 
al 
ele 
a\2 
: 

3 











12.00 1.00 P.M. B . i 6.00 P.M. 


FIG. 28 


Intensities of Rainfall, Storm of October 1, 1913, as Observed by the U. S. Weather Bureau, 
at Whitehall Building, New York City 


Fig. 28 shows that the storm was characterized by low rates of precipitation from 
7 A. M. until about noon, when the severity increased until between 2 and 3 in the after- 
noon, when it reached a maximum. After 4 o’clock the rate of rainfall was compara- 
tively insignificant. During the preceding day the weather had been cloudy with slight 
precipitation. At its height there was a period of 5 minutes, during which 0.44 inch of 
rain fell, this being 8.5 per cent. of the total of the storm. During 10 minutes 0.77 inch 
fell, or 15 per cent. of the total. In 30 minutes a fall of 1.64 was recorded, or 32 per 
cent. of the total. 
Table XCV shows the volume of water which was discharged on land and the vol- 
ume of rain which fell upon water surfaces in the Metropolitan district as a result of 


the storm of October 1. 
TABLE XCV 


VOLUME OF WATER WHICH WAS DISCHARGED ON LAND AND THE VOLUME OF RAIN 
Wuicu Fett UPON WATER SURFACES IN THE METROPOLITAN DISTRICT AS THE RESULT 
OF THE StorM OF OCTOBER 1, 1913. 








FROM LAND 

ee Trib. Area Rainfall Rainfall Per cent. Total Amount 

Division Acres Inches Feet Run-off Acre-Feet |Mii. Gal. 

BIAS IGAY TEVOE He ss Cis oes eee eos 12,100 4.39 .366 70 3,099 1,012 
RIA TEVET kas +s ie M's Behe wee 11,200 5.40 .450 90 4,541 1,485 
IDB OSU TIVE ..05..00 5 os 0 SN ates 36,400 3.61 .301 55 6,020 1,968 
Lower East river..............+5- 19,100 4.96 .413 85 6,710 2,192 
GAYS 205d coos 6 ou, ps a0 Blea Ion 15,100 5.82 .485 75 5,450 1,781 
He ine OE ee a OR 12,600 7.69 641 70 5,654 1,849 
PRCA AVS oars eiais T's ehieaca seis es > 53,700 4.59 .383 65 13,350 4,362 
ROW ALI TIDY cont eck cece feos 114,400 6.80 .567 55 45,050 14,730 
PRGA, oc sins sa sacs Ce ee ees 80,700 7.69 .641 65 33,600 10,985 
PRCTAY Je Slerathicl- ssis b' one «Gueye > a0 24,700 6.14 .§12 65 8,220 2,688 





AGE RU EPO ATI «ore x eecccss fis, wie MRM ET el Peel faces eat tgs ag eaghinjayh Heh oeinierd cel Sale nal ow aie d soarn 43,052 


a 


492 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE XCV—Continued 
RAINFALL ON WATER 








ie speivect wt Vohime Total Volume 
aS ea, ainfa olume ree 
sen Acres Feet Mil. Gal. Sop dane Ente ee 
Mil. Gal. | Mil. Gal. | Mil. cu. ft. 
Harley rive? cctrs een os ee 639 . 366 76 1,012 1,088 145.5 
Hudson Tivetssce ener ey ee 9,670 .450 1,422 1,485 2,907 388 .6 
Upper Hast river ic 345... cmiesie 6,409 .301 631 1,968 2,599 | 347.4 
Lower East river........-.....--- 2,738 .413 370 2,192 2,562 342.6 
Upper bay-....:. seeacneae cen 12,485 485 1,981 1,781 3,762 503.3 
Kull van. Hull c so gee ee 2 calents 659 .641 138 1,849 1,987 265.6 
Jamaica Dayco... c 3s She ces aes 13,760 . 383 1,724 4,362 6,086 814.0 
Newark baViies ses sttnac cen 5,158 . 567 955 14,730 15,685 | 2097.0 
Arthur Kill cee oaietuceron ee 2,662 .641 558 10,985 11,543 1543.0 
Lower bays 3 sits ooo sccm oe ee 78,950 .512 13,155 2,668 15,843 2118.0 
Total storm water entering harbor|i2 45, suivs ©. ao). [oe sere ene etd ee eee 64,062 8565.0 








I'rom Table XCV it appears that the fall of rain approximately in 11 hours from 
7 A. M. to 6 P. M. varied between 3.61 in the Upper East river section to 7.67 in the 
neighborhood of Staten Island. The total amount of water which ran off to the harbor 
according to these calculations amounted to 43,052 million gallons. A large amount of 
rain fell directly upon the water surfaces and this increased the total precipitation 
which reached the harbor to 64,062 million gallons, or 8,565 million cubic feet. This 
is equivalent to 216,200 cubic feet per second for 11 hours. . 

Table XCVI has been prepared with the object of comparing the volume of storm 
water discharged on October 1 with the volumes of water already in the harbor and 
passing through the harbor under ordinary weather and tidal conditions. 


TABLE XCVI 


COMPARISON OF THE VOLUME OF STORM WATER DISCHARGING ON OCTOBER 1 WITH THE 
VOLUME OF WATER ALREADY IN THE HARBOR AND PASSING THROUGH THE HARBOR 
UNDER ORDINARY WEATHER AND TIDAL CONDITIONS. 


1 2 ae 4 5 6 7 8 














Total storm | Volume below ene 
Divisi ; Ratio | Tidal Prism.| Ratio | flow towards | Ratio 
ivision water entering M. L. W. ; 
¢ ; 2:3 Mil. cu. ft. 2:5 Sandy Hook 257. 
Mil. cu. ft. Mil. cu. ft. Mi 
il. cu. ft. 
Harlem river........ 145.5 285 1:2 148 1:1 15 9.7:1 
Hudson river........ 388 .6 12,330 1:32 1,697 1:4.4 1,087 1:2.8 
Upper East river.... 347.4 5,512 1:16 1,869 1:5.4 *115 oot 
Lower East river.... 342.6 4,174 1:12.2 552 1:1.6 100 3.4:1 
Upper bay..:.. 2s. 54. 503.3 12,970 1:26 2,541 1:5.1 1,283 1:2.5 
Kill van Kull........ 265.6 728 1:2.7 150 12871 8&8 3:1 
Jamaica bay........ 814.0 2,258 1:2.8 2,309 1:2.8 24 34:1 
Newark bay......... 2097 .0 1,542 1.4:1 1,071 1.9:1 105 20:1 
Arthur Kill......... 1543.0 1,735 bed ea 743 ye § 33 47:1 
Lower bay.......... 2118.0 — —— aa 
8565.0 
Entire harbor, except 
Lower bay........ 6447 41,534 1:6.4 11,080 i a Yas $1,315 4.9:1 





* Differs from Lower East river by amount of resultant flow of Harlem river. 
t Resultant flow through Narrows increased by that of Arthur Kill. 
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Table XCVI shows that the amount of rain which fell directly upon the water sur- 
faces of the harbor above the Narrows and ran off from the land immediately tribu- 
tary to the harbor was equivalent to 216,200 cubic feet per second. This is 9 times the 
average land water discharge rate of the entire Hudson river; 17 times the dry-weather 
land water discharge rate of that stream and 71% times the resultant rate of ebb flow 
of harbor water through the Narrows. 

The total volume of 8,565 million cubic feet is equal to 4 times the total mean daily 
land water discharge volume of the Hudson river, 714 times the mean daily land water 
discharge of that stream and 614 times the total resultant ebb flow of harbor water 
through the Narrows in one tidal cycle of 12 lunar hours. 

Comparing the volumes of storm water entering the various divisions of the harbor 
contained in those divisions at mean low tide, in the tidal prism and in the resultant 
flow toward Sandy Hook, a number of facts become apparent. The quantity of rain 
water which entered the Harlem river was equal to the tidal prism of that strait or 
the volume of water between the levels of high and low tide. Approximately the same 
is true for the Lower East river. The rain water which entered Newark bay was about 
twice the tidal prism. 

With respect to the proportion between the rain water and the normal net ebb 
flow through the various sections, the following facts were established: About 314 
times as much rain water entered the Lower Hast river as there is net ebb flow through 
that section. Nearly ten times as much rain water entered the Harlem river as there 
is resultant flow through that strait. In Newark bay and Jamaica bay the proportion 
was very much greater. The rain water which entered Upper New York bay was 
almost one-half of the volume of the net ebb flow through that part of the harbor. 

In all cases these ratios are based upon the rainfall which fell upon the water sur- 
faces and that which ran off from the areas of sections of the harbor mentioned. In no 
case is the rainfall upon neighboring territories or water surfaces included. 

Considering the entire harbor, except Lower New York bay, it appears that nearly 
5 times as much rain water entered the harbor as the net seaward discharge under 
ordinary circumstances. Speaking generally, the rain water was almost equal to the 
tidal prism and was equivalent to about one-sixth of the total water present beneath the 


level of mean low water. 


RATIOS OF SEWAGE TO WATER IN THE HARBOR 


Some calculations of the ratios of sewage to water in New York harbor have been 
made by the Metropolitan Sewerage Commission which deal with comparatively small 
parts of the harbor and are consequently not greatly affected by the errors which are 
generally inseparable from such computations. But all calculations of this kind should 


be regarded as crude approximations of the truth. 
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There are three divisions of the water with which it is of interest to compare the 
sewage. First, the volume of water which is contained in the vicinity of an outlet at 
mean low tide; second, the volume of the tidal prism or quantity of water in the vicinity 
between the levels of low and high tide; third, the net ebb flow past the point where 
the sewage is emptied. 

The Metropolitan Sewerage Commission has divided New York harbor into ten sec- 
tions and the quantities of sewage which were discharged directly into these sections 
in 1910 have been estimated; the quantities of water in each section below mean low 
tide, in the tidal prism, and the net ebb flow through the section have been computed 
and the ratio between the sewage and the water has been calculated. Calculations 
based on estimates of future quantities of sewage have also been made. 

In addition to these computations, estimates have been made of the aggregate 
weight of sewage impurities which are tributary to each section. These calculations 
are based on a definite composition of the sewage which is assumed and taken to be 
uniform for the whole territory. The composition assumed is that of the standard 
sewage as shown in Table III, Part II, Chap. II, page 47 of this report. The volume 
of the sewage for the year 1910 is based upon the public water supply. The volume ex- 
pected in future is also founded upon anticipations of the drinking water requirements. 
The per capita volume of sewage being stated, it will be possible at any time to correct 
the estimates of weight of impurities discharged into the harbor in case either the com- 
position or volume of the sewage becomes known. It is improbable that such knowl- 


edge can be obtained until main drainage works are built. 


It has seemed desirable to calculate the quantities of sewage materials which would 
be discharged into the various sections of the harbor in case the sewage was first passed 
through works for the more or less complete removal of the impurities. The processes 
of treatment which have been thought. most worthy of consideration in this connection 
are such as have been well established by experience. Screens are considered because 
of their compactness and ability to operate with varying quantities of sewage and small 
head. Settling basins have been included because of their almost universal employ- 
ment in sewage purification works and their efficiency in removing suspended matter. 
Chemical precipitation has been considered because it is one of the most efficient means 
for removing both suspended and dissolved matter at one process. Sprinkling filters 
have been included, since they represent the most effective means of oxidizing the sew- 
age impurities in a given area of land. It would be feasible, and it is customary where 
a high degree of purification is required, to combine two or more of these processes in 3 
a given plant. 

The least effective process which seems worth considering for the sewage which is 
to be discharged into the harbor is screening, and the highest degree of purification 
practicable in most cases in the territory where the sewage is produced is screening 
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and rapid settlement. More purification than this would require a greater amount of 
land than is procurable except at great cost and involve probable nuisance from odors 
and flies. 

Estimates of the quantities of sewage discharged into New York harbor shows that 
all sections do not receive an equal share of pollution; the analyses of the water show 
that the circulation of the tide is insufficient to distribute satisfactorily the excessive 
burden which some sections receive. Some parts of the harbor are much more polluted 
than others, the region of greatest pollution being close to the most densely settled 
part of New York City. The Lower East river and Harlem receive large quantities of 
sewage from both shores. 


TABLE XCVII 


VOLUMES OF WATER AT Low TIDE IN THE TIDAL PRISM AND THE NET DISCHARGE FROM 
THE SEVERAL DIVISIONS OF THE HARBOR. THE QUANTITIES ARE EXPRESSED AS 
MILLION CuBIC FRET. 








Volume 
of Water Tidal ae Ebb 
Division of the Harbor Below P ae ow m 
: Mean Low. Tism 12 Lunar 
Tide Hours 
EE = 8 RG i On Sie ea 285 148 15 
Hudson river, Battery to Mt. St. Vincent...................... 12,330 1,697 1,087 
RR CRC Ghee se ph shele Wats kw claws aisle slelcsc cele ee ass 5,512 1,869 Snack, 
MEE EE Eg Oe he Site ire. a aes esha Pails © omg ashes aie sie 36 os 4,174 552 100 
UpmenDayce 6c... Re et ae eet niaiie MHS iedsdcacs io tapeirt eis sca se 06s 12,970 2,541 1,283 
ea IRC Slee crs/ CL 5, sca Cae en Rie ayy + Wee wa’ goa !bfe bo) weal ew 1,542 1,071 105 
RE NAM oho aie gras seid, see's dQ aieie VE) o'p o'e'ee we 728 150 88 
eM ERE Ae sree <i Gis iciatein sac eee us CORE WAG CEB wlelole 6 2,258 2,307 oe 
39,799 10,335 


Table XCVII was prepared partly from tidal data computed by this commission and 
partly from information supplied by the United States Coast and Geodetic Survey in 
1909 as a result of studies which were made in response to this commission’s request. 

It will be seen from Table XCVII that the Upper bay contains more water at low 
tide, has a larger tidal prism and has a larger net discharge of water than has any other 
part of the harbor. The Hudson river is a close second in volume at low tide, but it has 
a smaller prism and net flow than the Upper bay. The tidal prism and volume of water 
at low tide are nearly the same in Jamaica bay and Newark bay, from which it appears 
that these bodies of water are almost half renewed at each tide. 

In the Lower East river, the tidal prism is one-sixth the volume of water which 
lies beneath the level of mean low tide and the net ebb flow is about one twenty-seventh 
of it. Nowhere else in the metropolitan district is the net ebb flow so small in compari- 
son with the tidal prism or volume of water at low tide. Large as is the volume of 
water in this division, it is evident that there is not a great deal of new water passing 
through it. In the Harlem also, the tidal prism is large and the net ebb flow small 
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when compared with the volume of water at mean low tide. From these figures, it ap- 
pears that such refreshing action as the Lower East river and Harlem river receive is 
due to diffusion with cleaner water at the two ends of these streams and that little 
renewal occurs by actual displacement with water from a neighboring section. Large 
though the Lower East river seems to be and swift as are its currents, it has only one- 
tenth as much net ebb flow as the Hudson. 

To facilitate computations which will be described later, the quantities of sewage 
discharged into the several divisions of the harbor have been converted from gallons per 
24 hours to cubic feet per 12 lunar hours. The results are recorded in Table XCVIII. 


TABLE XCVIII 
VOLUME OF SEWAGE DIRECTLY TRIBUTARY TO THE SEVERAL DIVISIONS OF THE HARBOR. 








Directly Tributary 
sie ts Million Cu. Ft. per 12 
Division of the Harbor Lunar Hours 


Year 1910 Year 1940 


Harlem river 


ws 8g) olan LOU athale a lea a aielid of Sie lee Bia CO aa an ge OI 6.9 17.5 
Hudson Piyver's 2 secs a: sh asa c 0. crngsiwaie dated Gis a ae & oe ere eee 9.2 20.9 
Upper Bast river a's ii. 2% < +s sin, pies d.cciiicv a olteerus a gee ae ne eee eae 1.5 6.9 
Lower. East rivel.caVsen Ge <a ss Sag alee ace Cle ys Gee anes oe ee en ee Meo il 31.5 
Upper Day «sje 05 s.Fisisitatcds: 05.5 ocho pateiar ot stig Reeve Ok A cee Ree 4.4 8.2 
Newark. bay's 00). sc. asec ae 2 heck erst Las ea aoe oe TI oe ees ee ee 0.9 251 
Kill van Boul. f02505 aie aes sc ees ig eae al oe ae En tha i ree 0.5 1.6 
Jamaica Day 1) eins carah aie ate ed we none aie Marae i rece g cee Tome ener ner te Core Sat 11.3 


TABLE XCIX 


RATIOS OF THE VOLUME OF SEWAGE DIRECTLY TRIBUTARY PER 12 LUNAR HOURS TO THE 
VOLUME OF WATER IN THE HARBOR AT MEAN LOW TIDE. THE QUANTITIES GIVEN 
ARE IN MILLIONS OF CUBIC FEET. 





Sewage Tributary to the Division 


Water in 
Division of the Harbor the Year 1910 Year 1940 
Division 
Volume Ratio Volume Ratio 

Harlem river. evn oa eee 285 6.9 1:41 Uh fe: 1:16 
Hudson ‘rivern3: o.rt ae cote ete ene 12,330 9.2 1:1350 20.9 1:590 
Upper Hast river...) em ce cee ee erat 5,512 15 1: 3675 6.9 1: 790 
Lower East rivers. cca .5 cee tenes ee 4,174 i 1:244 31.5 1:132 
Upper: bay ..3:5.). «goo eae ai aer eee 12,970 4.4 1:2920 8.2 1: 1580 
Newark bay.i55 ) it. Pe thane Ona eee 1,542 0.9 1: 1680 20 1: 740 
Kill van Kalli, 225: eee ee ee tee 728 0.5 1: 1470 1.6 1:460 
Jamaica bay ..5. 02% veeree eee at er ees 2,258 3.7 1:550 11.3 1:180 

39,799 44.2 1: 900 100 1:398 


Table XCIX, which is prepared from data contained in Tables XCVII and XCVIII, 
emphasizes the proportionately heavy sewage burden which is now, and-in future would 
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be, placed upon the Lower East river. The ratio of sewage to water at mean low tide 
which was 1 to 244 in 1910 would be 1 to 182 by 1940. A notably low ratio is that of 
the Kill van Kull which was 1 to 1470 in 1910 and would be 1 to 460 by 1940. This body 
of water received much of its pollution from neighboring bodies of water. The pollu- 
tion of Newark bay will increase by direct contributions of sewage until the ratio which 
was 1 to 1680 in 1910 will be 1 to 740 by 1940 unless measures are taken to keep the 


sewage out of it. 


TABLE C 


RATIOS OF THE VOLUME OF SEWAGE DIRECTLY TRIBUTARY TO THE VOLUME OF WATER IN 


THE TIDAL PRISM. THE QUANTITIES GIVEN ARE IN MILLIONS oF CUBIC FEET. 





Sewage Tributary to the Division 


Division of the Harbor in the Year 1910 Year 1940 
Prism 
Volume Ratio Volume Ratio 
LA TOTUErEVCT Mi iwisl. <i od). © a. nuet wamitede elgwe awe aye 148 6.9 1:21.4 LieS 1:8.5 
Io ee cine sk us 9) cee oso 1,697 9.2 1:185 20.9 1:81 
UO) I ne rr 1,869 1.5 1: 1246 6.9 1:271 
MEOW OLR SURELVED oak Son ot Ge bowl ctecaieibos he coos 552 17.1 1:323 31.5 P75 
USES 2 a 2,541 4.4 1:570 8.2 1:310 
ER es, ig oa ae an PR 1,071 0.9 1:1170 2.1 1:510 
SEG Vege LEG Use 8 6 Soa 150 0.5 1:300 1.6 1:94 
SMUG Ge et SPL Gs ccc ge vieak. oe bs a0 bi 2,309 3.7 1:540 11.3 1:175 
10,337 44.2 1: 229 100.0 1:101 











Table C has been prepared from Tables XCVII and XCVIII and shows the remark- 
ably small ratios which exist between the sewage and tidal prism in most of the di- 
visions of the harbor. The smallest occurs in the Harlem, 1 to 21.4, although the Lower 
East river, 1 to 32.3, is very low for the year 1910. In 1940 the tidal prism will be 
only 814 times the volume of sewage discharged directly into the Harlem and in the 
Lower East river only 1714 times the quantity of sewage received. 

Unlike the ratio of sewage to water below mean low tide, the relation of sewage to 
the tidal prism is comparatively large in Newark bay and will be considerable in 1940. 
This division of the harbor, which was comparable with the Lower East river in Table 
XCIX, resembles the Hudson river, where the pollution is, and probably will remain, 
large. 

The quantities of water passing through each division in their relation to the volume 
of sewage directly discharged are shown by Table CI, which was prepared from Tables 
XCVII and XCVIII. 


498 DATA RELATING TO THE PROTECTION OF THE HARBOR 
TABLE CI 


RATIO OF THE VOLUME OF SEWAGE DIRECTLY TRIBUTARY PER 12 LUNAR HOURS TO THE 
Net Ess Frow. THE QUANTITIES GIVEN ARE IN MILLIONS OF CUBIC FEET.. 


Sewage Tributary to the Division 


Net 
Division of the Harbor Ebb Year 1910 Year 1940 
Flow 
Volume Ratio Volume Ratio 

Harlem river osc eae ae eee 15 6.9 13232 ia 1:0.85 
Hudson river =o oo. aa te eee 1,087 9.2 1:119 20.9 1:52 
Upper Bast river:s 0.502025. eee «oe cue Ne Fis 1.5 cows 6.9 EG 
Lower, Mastirivense...cce ele eee 100 17.1 1:5.9 31.5 Vises 
Upper. bay ic. ces oo. conte okie rten ee ane 1,283 4.4 1: 288 8.2 1:156 
Newark bays. cor ee ee ee eee 105 0.9 1:114 2:1 1:50 
Kill‘van Bullies 5 eet one 88 0.5 1:178 16a 1:55 
Jamaica bay: i vecne. sack piece ce eee 24 3.7 1:6.5 11.3 pean | 

2,702 44.2 1:61 100.0 1227 








The small amount of dilution from the net ebb flow which the sewage which was 
discharged into the Lower East river received in 1910 and will receive in 1940 is even 
more graphically indicated in this table than in its predecessors. By 1940 there will 
be more sewage discharged into the Harlem than there will be tidal water passing 
through that stream. There will be about three times as much tidal water as sewage 
passing out of the Lower East river. The Hudson river and Upper New York bay 
alone seem to be comparatively well supplied with water available for flushing 
purposes. 

Table CII shows the number of tons of the various constituents of the sewage based 
on the composition shown in Table III, Part II, Chap. II, page 47 of this report, and 
the volume shown in Table XCVIII, page 504. It will be seen that in every important 
respect the Lower East river receives a greater weight of contaminating matters than 
does any other division of the harbor, irrespective of its size. Next comes the Hudson 
river, followed by the Harlem. The total weight of sewage materials discharged into 
the Kill van Kull and Newark bay is small as compared with the quantities of pollut- 


ing matters discharged into the Lower East river. 
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TABLE CII 


SOLID, ORGANIC AND VOLATILE MATTERS CONTAINED IN THE SEWAGE DIRECTLY TRIBUTARY 
TO THE SEVERAL DIVISIONS OF THE HARBOR. THE QUANTITIES ARE EXPRESSED AS 
TONS OF 2,000 LBS. PER 12 LUNAR Hours. 


Organic and Volatile Matters 
Division of the Suspended 


Harbor Year - Solid 
Matters Total 





d Nitro- 


genous Fat, etc. | Carbon 


Dissolved | Suspende 














| ee | | | | S| | 





Harlem river....... juin ae ia < 7 
Hudson river....... te ee ee sy Fr 
Upper East river... ah ie Pe 7 99 
Lower East river... tan a se 35 139 
Upper bay......... Hn = ah io rr 
Newark bay........ Ae a 1 2 9 
eae. | i910 | 3 _ tod ia 
Jamaica bay....... e 30 
cri lietson i eso a) ain. -f220 tes) 5.6 | 219 

Pees: ; 105 420 


Table CIII, which has been prepared from Tables XCVI and XCVIII, shows the 
weight of sewage ingredients which will be discharged into the harbor in 1910 and 1940, 
assuming that the sewage is first passed through certain forms of treatment with the ob- 
ject of removing impurities. The efficiency of the treatment employed has been assumed 
as follows: The screens remove 15% of suspended matter and 10% of organic matter; 
sedimentation 60% of suspended matter and 30% of organic matter; chemical precipi- 
tation 85% of suspended matter and 50% of organic matter; sprinkling filters 90% of 
suspended matter and 70% of organic matter. 

It will be observed that the use of any of these. processes would be beneficial, but 
that the residue to be discharged after screening or sedimentation would still leave 
very large quantities of polluting matter to go into the water. Chemical precipitation 
and the use of sprinkling filters would probably furnish all the relief needed for as 
many years as can now be anticipated. As has been shown elsewhere in this report, 
however, these latter processes are not applicable unless the sewage is carried to some 


point far removed from its present source for treatment. 
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TABLE CIII 


SUSPENDED AND ORGANIC MATTERS WHICH WOULD BE CONTAINED IN THE SEWAGE DI- 
RECTLY TRIBUTARY TO THE SEVERAL DIVISIONS OF THE HARBOR AFTER TREATMENT. 


THE QUANTITIES GIVEN ARE IN TONS PER 12 LUNAR Hours. 








Sewage After Treatment 
Crude 
Sewage 


Division of the Harbor Year Screens Sedimenta- | _ Chemical Sprinkling 


tion Precipitation Filters 








Hee f} 1910 | 52 70 44 63 oT 49 7 Ses 52:1 21 
BILCID FAVED «2 os eens 2 20s cit « } 1940 | 111 | 148 94 | 153 44 |104 |16.6| 74 | 11.1] 44 
Hud : 1910 | 65 87 55 78 26 61 9.8 | 44 6.5 | 26 
DGSOD ERV SEs, care ols aie an } 1940 | 126 | 168 | 107 | 151 50 | 118 |18.9| 84 | 12.6] 50 

: 1910 | 12 16 10 14 5 11 1.8 8 t3 5 

Upper East river............ 1940 | 43 57 37 51 17 40 6.4 | 28 4.3 7A 
, 1910 | 133 | 178 | 113 | 160 53 | 125 | 20.0] 89 | 13.3] 53 

Lower East river............ 1940 | 209 | 279 | 178 | 251 84 |195 | 31.41140 | 20.9] 84 
u b 1910 | 34 45 29 40 14 32 Oe te oy: 3.4] 13 
US OM ak BRB C6) Hea St Cian oe } 1940 | 59 79 50 71 24 55 8.8 | 39 5.9 | 24 
N on 1910 7 9 6 8 3 6 1.0 4 0.7 . 
WARE ce tee ater ae } 1940 | 13 15 eas 16 5 13 2.0 9 is 5 

: 1910 3 4 3 4 1 3 0.5 2 i Oe ee | 
Kill van Kull 006, 66 16 a (6."e 6) 816) 0: (rie } 1940 9 12 8 11 4 8 1.4 6 -0.9 4 
: 1910 | 23 30 20 27 9 21 3.41.15 2.3 9 
Jamaica bay..........-..... {| 1940] 59 | 79 | 50 | 71 | 24 | 55 | 8.8] 40 | 5.9] 24 
Total sf | 1910 | 329 | 489 | 280 | 394 | 132 | 308 | 49.4 | 219 | 32.9 | 131 

nega ides Sa oD wa 1} 1940 | 629 | 840 | 535 | 755 | 252 | 588 | 94.3 | 420 | 62.9 | 252 





CHAPTER IV 
TIDAL CURRENTS IN NEW YORK HARBOR AS SHOWN BY FLOATS 


RECORDS OF OBSERVATIONS FROM 1907 TO 1918, INCLUSIVE 


Observations of harbor currents, as shown by floats, were described in the report of 
this commission dated April 30, 1910, Chapter IV, page 183, et seg., and further studies 
in this direction were made in 1918. The object of the new work was to obtain knowl- 
edge of the currents in Lower New York bay, the immediate point of interest being the 
transporting effects to be expected upon the discharge of sewage from the proposed out- 
let island located about midway between Sandy Hook and Rockaway Point. The site 


of the island, the main channels and various lighthouses and buoys mentioned here are 
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In the report of 1910, the method of work done up to that time was described and 
the principal results of the float experiments were set forth. A large number of float 
observations which had been made at the time the 1910 report was prepared could not 
be given in detail and it has remained for the present to record these in their proper 
form. 

, Scope oF WoRK 

There are here described in the form of cuts all the float records made by the com- 
mission from 1907 to 1913. Each cut is a photographic reproduction of a carefully 
made outline map of the part of the harbor where the observations were carried on, 
with the path of the float and the essential data relating thereto plotted upon the map. 
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METHOD OF WoRK IN 1913 

The observations were made from a boat chartered for the purpose. This boat was 
62 feet long, 16-foot beam and drew 5 feet of water. Her tonnage was about 40 and she 
was propelled by a 30-h.p. steam engine; her speed averaged about 8 miles per hour. 
The boat carried a red flag, which proved an effective means of warning off traffic. The 
crew consisted of a captain, engineer and deckhand. 

This steamer served its purpose acceptably. A large, open, forward deck covered 
by an awning afforded a convenient place for handling the floats and making the obser- 
vations, while an unused galley under the pilot house afforded place for storage of 
instruments and equipment and permitted the setting up of a drawing board where the 
observations could be plotted. In a heavy sea or ground-swell the steamer rolled con- 
siderably, a tendency which was aggravated when drifting near the float. There were 
comparatively few occasions when the sea was too rough for operations. 

The survey party consisted of two, and, at times, three assistants. Those engaged 
upon this work, which was done under the direction of the President, were Ernest F. 
Robinson, Herbert W. Harvey and Homer Calver. Their duty was to follow the course 


of the float, guard it from injury by passing vessels, determine its position at frequent 
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intervals and plot the positions upon a standard chart of the U. 8. Coast and Geodetic 
Survey. 


FLOATS 


The typical float used in the observations of 1913 was similar to the spar float 
described in the report of 1910. It is shown in Fig. 30. The stem was a piece of 4-inch by 
4-inch timber, 6 feet long, around the upper end of which was built the float proper—a 
block of wood 12 inches by 12 inches by 24 inches. On the lower end of the stem were 
4 vanes 21 inches by 18 inches, placed at right angle with one another and made of No. 
14 gauge sheet iron. A %-inch rod for carrying a flag by day or lanterns by night pro- 
jected about 314 feet above the top of the float; it was supported at its middle point by a 
frame of four 14-inch by 2-inch flat bars. At the top of this frame were placed two 


3-inch rings for convenience in catching the float when removing it from the water. 


This float, when in use, was submerged so that the top was about even with the sur- 
face of the water. No effect was observable from the wind. The flag and iron frame may 
have caught some wind, but not enough to appreciably affect the course of the float. 
When the wind was very fresh the boat was obliged to quit work on account of the seas, 
for which reason the float was never subjected to heavy wind pressure such as might 
have altered its course. It was noticed that floating objects which happened to be 
within view, such as blocks of wood, were easily driven by the wind, as was the steamer, 


while the float often traveled in an opposite direction. 


The flag carried by the float was square, diagonally divided into red and white, and 
was plainly visible at distances of a quarter of a mile or more. No difficulty was ever 
experienced in finding the float. All the observations were made during daylight hours. 
The flags carried by the float and attending observation steamer were always scrupu- 
lously respected by passing vessels, most of the large ocean liners slowing down or 
stopping their engines in passing. The number of ships which showed the work this 
courtesy was large, most of the observations being carried on in the most frequented 
channel between New York harbor and the open ocean. 

None of the floats approached the shore, or grounded or went into inaccessible 
places. They were never injured by vessels and throughout the work no repairs were 
required beyond an occasional straightening of the flag rod at the top, due to accidents 
in handling. 

Can floats were used for a part of the time to determine the trend of currents at 
other depths than indicated by the wooden floats. The construction of the can floats has 
been shown in the 1910 report of the commission. Fig. 30, page 502, shows the design 


and dimensions of both spar and can floats. 
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The can float was in two parts connected by wire, whose length could be regulated 
so as to suit the depth of water under observation. One can floated at the surface and 
supported the other can. Each was filled with sand and water sufficiently to be sub- 
merged. The can floats were not found serviceable in the rough water of Lower New 
York bay. The choppy seas would raise and lower the upper can, while the lower can 
could not accommodate itself to these sudden motions. The result was a series of jerks 
upon the connecting wire which tore out the fastenings. Occasionally the can floats 
grounded unexpectedly or dragged upon the bottom. 


By watching for favorable opportunities some observations of interest were made 


by means of the can floats in spite of the shortcomings which have been mentioned. 


UNSUCCESSFUL ATTEMPTS TO USE CURRENT METERS 


Kifforts were made to use current meters to determine the force and direction of 
currents at different depths at the site of the proposed island and elsewhere, but this 
undertaking was not successful, owing, apparently, to the difficulties of insulation 
brought about by salt water conditions. 

The efforts extended over the period between August 18 and September 3, 1913. 
Two current meters were obtained by loan through the courtesy of the Dock Department 
of the City of New York, one being of the Ellis type and the other of the large Price 
type. The engineers of the Dock Department had been unable to obtain satisfactory 
results from their use. 


The meters were thoroughly overhauled and some changes made in their insulation 
in order to avoid the difficulties anticipated. Preliminary to making observations, the 
meters were carefully rated. For this purpose a course of 600 feet was laid off along 
the bulkhead in Sheepshead bay and ranges at right angles at the ends and center of 
this course were set up. The meters were placed at the lower ends of two vertical spars, 
one rigged over each bow and far enough outboard to clear the bow wave. The spars 
were braced and guyed so as to maintain a vertical position and keep the meters sub- 
merged about 11% feet. 

The electrical connections were led inboard to a pair of telephone head receivers, 
one for each meter, which carried the grating sound of the contact of each revolution 
of the meter wheel to the ear of the observer. The number of revolutions which 
occurred at various speeds of the boat when passing over the measured course were 
counted and the time determined by stop-watches. The revolutions of time were reduced 
to revolutions per second and the speed of the boat reduced to feet per second. Upona 
Sheet of cross-section paper the feet per second were then plotted as abscissas and the 
corresponding revolutions per second as ordinates. The points plotted at the inter- 
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section of these co-ordinates lay close to a straight line. This was the rating curve of 
the meter. 

It was intended that the meters should be observed by lowering them just below 
the surface of the water in the time taken for 10 revolutions. For bottom velocities the 
meter was to be lowered to the bottom and then raised a foot when a second reading 
was taken. Mid-depth reading was also to be obtained. 

Trouble with the insulation occurred with both meters, but the Price meter seemed 
to be the stronger and more serviceable of the two and was more easily examined and 
repaired. In the Ellis meter the trouble from insulation was due largely to the fact 
that sea water would enter the contact chamber, displacing the paraffine oil with 
which it was filled, and short-circuit the meter. The entrance was effected around the 
axle, where it entered the contact box, there being considerable play at this point. The 
fine wire spring, upon which the contact depended, seemed subject to some electrolytic 
action by which it was eaten away, necessitating frequent renewals with copper wire. 
In spite of every effort which could be made, this difficulty could not be overcome. 
Continual repairing was necessary and fully 75 per cent. of the time was occupied in 
this work. It was impossible to determine what observations were accurate. 

The Price meter gave trouble at first, owing to faulty insulation where the wire 
entered the contact chamber. The whole connection was finally covered bodily with 
paraffine, held in place by rubber insulating tape. The contact apparatus itself gave 
no trouble, when the chamber was kept filled with paraffine oil. 

The chief difficulty with the Price meter occurred in the wire cable which was 
used to suspend the apparatus and carry the sound of the revolutions to the observer’s 
ear. The cable stretched and opened up the insulation. This difficulty might have been 
overcome by providing a different method of suspension, but the prospect of further dif- 
ficulties prevented this change being made. 

In all, five attempts were made to secure observations for a complete tidal cycle. 
In only one case, that of August 29, was a record of any considerable duration obtained. 
This extended from 7:20 A. Mm. to 3:00 P. M., interrupted by frequent breakdowns. The 
observers were uncertain of the results. Short circuits, such as were continually oc- 
curring, produced in the head receivers a noise so closely resembling that of a contact 
of the meter that confusion resulted. The work was discontinued owing ‘to the unrelia- 
bility of the results and the probability that a large amount of time would necessarily 
be consumed in adjusting the meters to the work. ss 

To obtain satisfactory results with current meters in such work as that contem- 
plated new instruments should be provided, preferably of large Price type. Suitable 
changes should be made in the insulation to fit them for salt water; special cables 
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should be provided for the suspensions and each observer should be supplied with a kit 


of proper tools and equipment for making hasty repairs in the field. 


COLLECTION OF DATA 


As far as practicable the observations were begun just before the beginning of 
an ebb or flood current and continued throughout the succeeding flow of tide. As soon 
as the float was set adrift it was located by two sextant angles read from the steamer 
to three of the various lighthouses in the vicinity of the Lower bay. At intervals of 
half an hour, or 15 minutes near slack water, the steamer was run alongside the float 
and the location again determined, until the final location at the end of the observa- 
tions, when the float was taken up. 

Most of the courses started from the site of the proposed outlet island, whose loca- 
tion had been fixed from soundings on the Coast Survey charts. This location was 
determined in the field by trial, reading sextant angles from various positions of the 
boat until when plotted they indicated the required point. Ranges were then fixed in 
order that the point might readily be found again. 

A tall stack on Sandy Hook was found to be on line with a notch in the skyline 
of Atlantic Highlands and, similarly, Norton’s Point was on a line with a break ‘in 
the skyline of Staten Island. 

Through the courtesy of Col. S. W. Roessler, Corps of Engineers, U.S. A., a tripod 
was located as near the site of the proposed island as practicable by Mr. G. E. Balch, 
U. 8. Assistant Engineer in charge of the Hydrographic Survey of the U. S. Engineer 
Corps in this vicinity. On attempting to locate the tripod at the site proposed it was 
found that the depth of water was somewhat in excess of that shown on the chart, so 
that the tripod could not conveniently be fixed exactly in the desired position. It was 
finally placed about 1,400 feet southwest of the proposed site in 13 feet of water at 
mean low tide. The Coast Survey chart shows a depth of 10 feet at this point. The 
tripod was constructed of 4-inch gas pipe and stood 36 feet high, about half this height 
being submerged. 

The work was directed from the office in accordance with information mailed to 
headquarters at the close of each day’s run. For this purpose an approximate drawing 
of the course last observed was made upon a small white print of the Lower bay with 
a scale of 1 to 80,000 and sent by mail. This sheet, in addition to recording the approxi- 
mate path of the float, contained such information regarding the wind and weather 
conditions, hours of observation and tidal actions as might be necessary for a correct 
understanding of the work. On those occasions when the conditions were not favorable 


for observations the observers reported at the office for instructions. 
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PLOTTING THE DATA 


The path followed by a float was laid down upon charts traced from the U. 8. 
Coast and Geodetic Survey charts. The observations of the floats which were made at 
intervals of half an hour or more frequently permitted a series of points to be plotted, 
and when these were connected the path of the float was considered to have been deter- 
mined. 

Two sextant angles had been read in quick succession to three prominent land- 
marks whose position was located on the chart. In plotting the position of the float, 
the two adjacent angles were laid out on a piece of tracing cloth and this was shifted 
upon the chart until the three lines passed through the three station points. The inter- 
section of the angles was then pricked through to the chart. The chart upon which the 
plotting was done had a scale of 1 to 40,000. Confusion among courses was avoided by 
using a fresh chart after three or four days’ work. 

The charts with the paths of the floats carefully plotted thereon were delivered at 
the commission’s office and the records were transferred to separate sheets for repro- 
duction. 

There was determined for each float the total time and distance traveled, the 
average velocity and maximum velocity. The most important information was ob- 
tained from a study of the path itself. This was accepted as showing the trend of the 
main surface currents at the times and under the circumstances which occurred. In 
the cuts accompanying this report will be found all the essential data represented in 


graphic form. 
RESULTS 


Twenty-five spar float observations were made in 1913. They were all made, en- 
tirely or in part, in Lower New York bay. They were begun on June 9, 1913, and 
finished August 25, 1918. The total number of hours worked was 341. From the 
beginning until about June 25 observations were made daily, Later, in order to obtain 
longer records, two days’ work were concentrated in one, the work continuing through 
a complete tidal cycle when the conditions permitted. Interruptions to long-continued 
observations were frequent because of the scarcity of days upon which three suc- 
cessive slack waters occurred during daylight hours and because of fog and wind which 
not infrequently cut short or prevented observations being made after the party had 
been assembled and reached the point in the boat from which observations were to 
begin. The longest series of observations lasted 16 hours. They were on June 26 and 
July 22. There were 10 series of observations continued for 12 hours or more. 

Of the 25 series of observations, two were made solely with a view to determine the 


time of slack water at the site of the proposed island as compared with the time of high 


508 DATA RELATING TO THE PROTECTION OF THE HARBOR 


and low water at Sandy Hook, and were not productive of any information as to the 
trend of the currents. Four others were cut short by fog, heavy weather or other 
unfavorable conditions; of these 3 did not progress far enough to afford useful infor- 
mation. There were thus left about 20 records capable of affording useful data. 

The most striking characteristic of the records, considered as a whole, is the fact 
that the currents in the middle of Lower New York bay run parallel to the Ambrose 
channel and follow its turns at the upper end. This fact is established by a number of 
float records and is controverted by none. Another salient characteristic of the float 
paths is their avoidance of Jamaica bay and Coney island channel. A float carried 
well into the bight of Gravesend bay on the flood tide would return into the main 
channel and go down Ambrose channel instead of floating ashore on Coney island or 
following along the Coney island channel. This was undoubtedly due to the effect 
of the water in the tidal prism leaving Gravesend bay. 

A tendency to continue down the old Main Ship channel instead of turning out 
to sea through Ambrose channel was marked in some floats leaving the Narrows. These 
floats were all halted by slack water near West Bank or Romer Shoals lighthouses. 
Other floats dropped at these points on the first of the flood, either turning north 
toward the Narrows or went into Raritan bay. In the former case they were likely 
to turn near Swinburne or Hoffman island and go out by Ambrose channel or return 
to West Bank light. In the latter case, a float would go into Raritan bay only to Old 
Orchard light or a little further and return on the next ebb current. One float released 
off Sandy Hook at slack water went almost due west for about four miles on the flood 
current and then returned to a point near the starting place. 

Floats which were set adrift near Rockaway inlet bell buoy passed the inlet, show- 
ing no tendency to enter either on the flood or on the returning ebb current. Further- 
more, floats carried out to sea on the ebb current in a line parallel to Ambrose channel 
returned in the same line, showing no tendency to move toward Rockaway beach or 
inlet. 

The greatest distances traveled from the site of the proposed island on the flood and 
ebb currents respectively were to the Narrows and to Ambrose channel lightship when 
the start was made from the site at slack water. A float reaching the Narrows and 
returning parallel to Ambrose channel was carried further out than the starting point, 
and floats carried to sea, beyond the whistling buoy, never reached the entrance to 
Ambrose channel on the return flood tide. 

IF’rom observations made with can floats it appeared that the deeper currents trav- 
eled more slowly than the currents near the surface and that the currents at the very 
top of the water moved more rapidly than any others. The difference was least between 
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the route followed by the shallow can float and that of the wooden spar float, the dif- 
ference amounting to 150 feet in 30 minutes. The deep can float lagged behind the 


wooden spar float between 800 and 1,000 feet in the same time. 


CONCLUSIONS 

Among the most important inferences to be drawn from the observations of spar 
floats in the Lower New York bay in the summer 1918 are the following: 

1. The shores of Lower New York bay would be in no danger of pollution if sew- 
age was to be discharged at the site of the proposed island. 

2. On flood currents floating sewage would seldom, if ever, reach the Narrows 
and would not pass into the Upper bay. 

3. There is no set of tidal water capable of carrying sewage from the site of the 
proposed island toward Rockaway beach or inlet nor towards Coney island on flood 
or ebb currents. 

4. There is a resultant motion seaward from the vicinity of the proposed island 
and particles carried out to the whistling buoy or further will not return. 

5. Floating particles will be repelled from Gravesend bay. 

6. Little sewage, if any, will cross Ambrose channel, and that which does cross 
will proceed outward from the Narrows on the ebb current and will have a tendency to 
return by the same route. 

7. The proportion of sewage from the island which is capable of reaching Raritan 


bay is small and has no tendency to remain in the bay. 
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FLOAT 1, AUG. 14, 1908 
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Velocity 34 mile Per hour 
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CHAPTER V 


TIDAL INFORMATION IN POSSESSION OF THE COMMISSION AND 
CORRESPONDENCE ON THIS SUBJECT WITH THE UNITED 
STATES COAST AND GEODETIC SURVEY 


TIDAL STUDIES 


In the Commission’s first report, issued in April, 1910, considerable space was 
given to a discussion of the tidal phenomena in the metropolitan district, and this 
information was considered to have value not only in the disposal of the sewage, but 
to shipping and other interests. 

Owing to the fact that the methods of calculation employed have never been fully 
explained, in view of some corrections which have had to be made in the published 
records of the Commission and because of the importance which properly attaches 
to the information, it seems desirable here briefly to make such explanations and cor- 
rections as may be necessary in order to reconcile the data and to explain how some of 
the most important particulars were derived. 

The principal and hydrographic features of the harbor were discussed in the 
1910 report together with the principal current phenomena and the phenomena of dis- 
charge. Attention was given to the flow of land and sea water entering the harbor, 
the volumes of water in the harbor, and the tidal ranges. Finally, included in this 
discussion, reference was made to the effects of winds, dredgings, obstructions and 
bulkheads upon the tidal flow. This information is contained in the Report of April, 
1910, Part III, Chapter ITI. 

Supplementing the discussion of the tidal phenomena, the report of 1910 contains 
a chapter on the harbor currents as shown by floats. The float work included a con- 
siderable number of observations of can and spar floats which were set adrift and 
observed for long periods of time, occasionally for several days, in various parts of 
the harbor. The information in regard to this float work is contained in Part IIIT, 
Chapter IV of the Report of April, 1910. 

During the course of a full year, observations of the salinity of the waters were 
made at eleven stations in the harbor, the object being to supplement the informa- 
tion obtained from other sources as to the tidal phenomena and indicate the changes 
in the proportions of sea and land water present at different tides and seasons at 
widely separated points. For the purposes of this work a special apparatus was de- 
vised and a large number of observations made. The results were published in the 
report of 1910, Part III, Chapter XIII. The proportions of land water and sea water 
are indicated by means of tables and a diagram. The original observations were too 
voluminous for publication. 
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Hydrographic information in addition to that published in the 1910 report has 
been issued by the Commission in its report of August, 1912, and in some of its 
preliminary reports. The divisions of the harbor with their areas were given in the 
1912 report together with a discussion of the volumes and circulation of the water. 
(See Part I, Chapter II.) 

The volumes of water in the several divisions during low tide, the water in the 
tidal prism and the resultant ebb flow were stated in Preliminary Report VI, issued 
February, 1913. 

In Chapter IV, Part IV of this report, there is a description of the tidal currents 
in the harbor as shown by the float records which the Commission considers sufficiently 


reliable to be used as a basis for calculations. 


EXPLANATION OF METHODS EMPLOYED 


Tidal Volumes.—The tidal volumes as published in the Commission’s 1910 report, 
and subsequently, are based upon a theoretical investigation made by the U. S. Coast 
and Geodetic Survey in response to the Commission’s request. The results are con- 
tained in a letter from the Survey to the Commission dated August 14, 1908. 

The method of computation consisted of first determining the mean cross- 
sectional area of the tidal channel under consideration, and then correcting to mean 
conditions the average of the maximum observed velocities for flood and ebb 
currents in this section according to the ratio which the tidal range during the ob- 
servations bore to the mean range. If the flow is hydraulic, due to difference of 
head (as between Long Island sound and the Upper bay) instead of to progressive 
wave action, the correction is made according to the ratio of the square roots of the 
respective ranges. To this velocity is then applied a factor (about 0.75) reducing the 
maximum velocity to the mean in the section at the strength of the current; a second 
factor, sey is then applied, reducing the velocity at the strength of current to the 
mean velocity for the duration of flow (this upon the assumption that the velocity 
curve is a true sine curve). Finally, the product of this velocity by the cross-sectional 
area by the number of seconds in six lunar hours gives the average volume of the flood 
or ebb flow. 

If there is an ebb excess, half this amount is deducted from and half added to the 
volume as above computed, to obtain the flood and ebb volumes, respectively. The ebb 
excess of the Hudson and Kill van Kull is due to land water discharge, which quantity 
is obtained from rainfall records. The ebb excesses of the East river and Harlem 
river are chiefly due to hydraulic conditions. The ebb excess of the Narrows is the 
total land water discharge and the excess of the East river. | | 

In recalculating the results the Survey’s method was slightly modified by the 
Commission in that flood and ebb volumes were computed separately, the actual dura- 
tions of the flood and ebb currents were used, and an attempt was made, from records 
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of previous observations, to obtain a reliable factor for reducing the maximum 
velocity in a cross-section to the mean. The modified method, while an improvement 
upon that described before, is still faulty, in that the reduction factor is sometimes 
based upon meagre information and is constant, whereas observations of the U. S. 
Engineers in Hell Gate and vicinity indicate that this factor changes continually 
during each current. 

The tidal volumes computed in this manner were published in the Commission’s 
report of April 30, 1910, page 178, and again in the report of August 1, 1912, and in 
the absence of reliable gaugings, they must be regarded as representing the most 
authentic information available. 

The areas at mean low water of the various divisions of the harbor were com- 
puted in the office of the Commission from the Coast Survey charts. Each area was 
carefully measured by a planimeter, and was taken as the mean of several readings. 
Care was taken to use the actual, instead of the nominal scale of the charts, the cor- 
rection factor being the ratio between the measured length of the engraved linear 
scale and its nominal length as computed by the representative fraction. The fig- 
ures thus obtained were published in the report of April 30, 1910. Before the publi- 
cation of the 1912 report, however, it was discovered that the former measurements 
had been taken to the high water contour instead of to that of low water. The areas 
were therefore recomputed and published, August 1, 1912. 

The tidal prism is the volume of water normally lying above the plane of mean 
low water and high tide. It is equal to the product of the area at mean tide level by 
the mean range of tide. For the various divisions of the harbor, the tidal prism was 
computed in the office of the Commission, using the mean range of tide as given by 
the Coast Survey, and an average of the areas at mean low water and mean high 
water. In some parts of the harbor, such as the Upper East river, Harlem river, 
and Jamaica bay the difference between these areas is great, while in the lower 
East river, Hudson river, Upper bay, Kill van Kull and Arthur Kill, it is almost 
negligible, and the tidal prism may be taken as the product of the mean low water 
area by the mean range of tide. In Newark bay the difference is appreciable, but not 
great. 

The volume below mean low water was originally computed by the Commission 
by two methods. For the large, open bodies of water such as the Upper bay, the sur- 
face of the chart was divided into small squares, and from the soundings the average 
depth and volume were obtained for each square. For the river channels, cross-sec- 
tions were taken at regular intervals upon the chart, their areas determined, and the 
intervening volume found by average end areas. 

In the original computations of the Commission, the East river was considered 
in three sections, divided at 88th Street and at Old Ferry Point. Data for the East 
river, arranged for this division, was published in the report of April 30, 1910. | 
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Before the publication of the report of 1912 the classification was changed, and 
in this report the data is tabulated for the Upper and the Lower East river, two divi- 
sions only, divided at 88th Street. More recently the line of division has been con- 
sidered as located at Lawrence Point, necessitating a recomputation of data. 

A new method was employed for determining the volume below mean low water. 
The area of each contour, from that of mean low water to the greatest depth, was 
measured by a planimeter, two sets of measurements being taken to insure accuracy. 
The contour interval assumed was six feet for the first sixty feet of depth, and ten 
feet for greater depths. These areas were then combined by the prismoid formula 
to determine the volume. | 

The summation of volumes for the total East river were at variance with former 
estimates and it was deemed advisable to revise the computations of other divisions 
in which the dilution factor was of importance. Consequently the volume, tidal 
prism, etc., of Jamaica bay and the Harlem river were recomputed, and results vary- 
ing from previous determinations were obtained. These revised figures were pub- 
lished in Preliminary Report No. VI, Metropolitan Sewerage Commission, February, 
1918. 

The average depth is the quotient of the volume below mean low water divided 
by the mean low water area. 

The complete tidal data in possession of the Commission, as corrected to the 
latest information, and as used in the latest computations, is given in a table at- 
tached to this report. All these data have, at one time or another, appeared in the 
publications of the Commission. 

The values given for the mean low water area, tidal prism, and volume below 
mean low water are the result of careful measurements and computations from the 
Coast Survey Charts. 


TABLE CIV 


: Volume 
Aree. Ae aes iN eubielow: Ebb | Flood | Ebb 
d 


tidal | million |. 28°. SLL-W. volume, | volume, | excess, 


Division square ~ | depth, | million Section million | million | million 
miles feat. yrs feet | cubic cubic cubic | cubic 
feet feet feet feet 
1. Upper bay. isi) pea Ook 4.4 2,541 23.9 | 12,970 Narrows 12,773 | 11,490 | 1,283 
2. Hudson river (below Mt. St. 
Vincent) ico. aaa 14.49 | 4.2 1,697 | 30.5 | 12,330 Battery 6,722 5,635 | 1,087 
3. Upper East river (above 
Lawrence Pt.)......... O23 alana 1,869 | 21.4 | 5,512 |Lawrence Pt.| *(3,654)| *(8,539)| **(115) 
4. Lower East river.......... 4.24] 4.7 552 | 35.4 | 4,174 Battery 4,068 3,968 100 
5. Harlem river (above 101st 
SBtreet) so. sorte eneRe OLie 5-6 148 | 13.3 285 | High Bridge 176 161 15 
S7ll var Kull oie ee 1.03 | 4.8 150 | 25.3 728 |Const. Point| 1,479 1,391 88 
4. Newark'bay..<o. sees co. 8.06 | 4.6 1,071 6.9 | 1,542 Mouth 1,97 1,867 105 
8. Arthur Kall 2 25 emer 4.16 | 5.4 743 | 15.0] 1,735 | Upper End 33 297 33 
9. Jaminion bay i. Sa. enn 20.93 | 4.3 2,309 3.9 | 2,258 |RockawayPt.| 1,989 1,965 24 
10. Lower New York bay... ... 122. 762 4:0 iu 16, 765u).% eid). ae ConeyIs.-San- 


i fie dy Hook. | 24,658 | 23,323 | 1,835. 


“Is equal to East river discharge past Battery, less the tidal prism of the Lower East river, plus the flow of the 
Harlem river past Willis avenue. 
“*Differs from ebb excess of Lower East river by amount of ebb excess in Harlem river. 
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CORRESPONDENCE WITH THE UNITED STATES COAST AND GEODETIC 
SURVEY IN REGARD TO THE TIDAL PHENOMENA 


In the five years previous to May, 1913, a considerable amount of correspondence 
was exchanged between the Metropolitan Sewerage Commission and the U. 8S. Coast 
and Geodetic Survey with regard to questions upon which the Survey was properly 
regarded as an authority. These questions related to the flow of water in and out of 
the principal parts of New York harbor, especially to the estimates of quantity of 
water passing seaward in excess of the flow in the opposite direction, this subject be- 
ing of much importance as indicating the extent to which the sewage of New York 
could be carried mechanically to sea. It is believed that the most important part of 
this correspondence should be published in full. 

There is the more reason for publishing this correspondence in the fact that 
some of the leading problems raised had previously received a different solution by 
the Survey. This is notably true of the resultant flow of water in the Lower East 
river. Until the opinions here published were expressed, it was believed that there was 
a considerable preponderance of water flowing southward through the East river in 
excess of that which passed northward under the tidal influences. The Survey state- 
ments here given must be accepted as superseding the earlier estimates. The latest 
opinion is that there is little or no excess flow in either direction. 

The correspondence is divisible into three principal parts. 

Part I relates to the tidal flow in the various parts of the harbor and especially 
to the excess or resultant discharge in one direction over the reverse flow. 

Part II relates to new estimates by the Commission of the flow of the East river, 
based on data collected under the direction of Colonel William M. Black, Corps of 
Engineers, U. S. A. 

Part III is concerned with the probable stability of an artificial island which the 
Commission has proposed for the disposal of a large amount of sewage at the ocean 
entrance of the harbor. 


550 DATA RELATING TO THE PROTECTION OF THE HARBOR 


SECTION I 


CORRESPONDENCE RELATING TO THE TIDAL FLOW 


At the outset of its work in 1908, the Commission recognized the need of a com- 
prehensive knowledge of the quantities of water flowing in each direction through 
the principal divisions of the harbor and contemplated the collection of the necessary 
data by means of a hydrographic survey. Before undertaking this work, it was 
thought desirable to ascertain from the Survey what instruments and methods were, 
in the Survey’s opinion, most serviceable for this undertaking. With this object in 


view, the following letter, marked Exhibit I, was sent under date of May 8, 1908. 


EXHIBIT I 


New York, May 8, 1908. 


DIRECTOR, 
U. S. Coast & Geodetic Survey, 
Washington, D. C. 


DEAR Sir: Will you kindly send me such information either in the form of de- 
scriptions or references as may be available concerning methods and apparatus for 
gauging very large streams such as tidal currents of harbors and the flow of great 
rivers like the Hudson in the vicinity of New York City? 


Very sincerely, 
GEORGE A. SOPER, 
President. 


On May 27, 1908, a reply was received describing meters and other apparatus 
which had been used in various studies made in previous years of the tidal phenomena 
of New York harbor. The letter also contained an epitome of results for the dis- 
charge of four of the principal sections of New York harbor. The quantities of 
water given in this epitome represent the information which has been used by the 
Survey for the last 22 years. 

It is noteworthy that the volumes of water reported as being discharged through 
the different parts of New York harbor were based on a series of precise levels which 
were run for the connection of tide gauges. 

Subscquent to the studies which had led to the results given in the epitome, cur- 


rent observations were made covering 40 different stations over a period of two 


months. 
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This letter from the Coast Survey indicated that a considerable amount of study 
had been given to the tidal phenomena of New York harbor and suggested to the 
Commission that it would be desirable before taking up new work to obtain a digest 
from the Survey of all existing facts relating to the specific problems which the Com- 
mission desired information upon. The letter, describing apparatus, containing the 


epitome and the other information here referred to, follows as Exhibit II. 


EXHIBIT II 


WASHINGTON, D. C., May 27, 1908. 
Mr. GrorcE A. SOPER, 


President, Metropolitan Sewerage Commission of New York. 


Dear Sir: In reply to your letter of May 8, 1908, requesting information con- 
cerning methods and apparatus for gauging very large streams, such as tidal currents 
of harbors and the flow of great rivers like the Hudson in the vicinity of New York 
City, I will state that in the New York harbor gauging operations made by the Coast 
and Geodetic Survey in the eighties, electric current meters were principally used to 
determine the velocities. The meters were manipulated from ships and launches an- 
chored at the place where the velocities were to be taken. 

The meters were lowered to the desired depth by means of a wire rope, inside of 
which was an insulatd core containing two copper wires by which the revolutions of 
the wheel of the meter were registered on a recording apparatus on deck. 

As the weight attached to the meter has to be heavy (60 to 100 lbs.) in strong 
sub-surface currents, the lowering rope was manipulated by a reel placed on deck. 
This reel was so devised that the unwinding and winding up of the rope on the drum 
of the reel did not interfere with the electric current passing from the meter to the 
recording apparatus. 

The drum was also made of such diameter that the number of revolutions of the 
drum indicated the distance the meter was below the surface of the water. 

Both the Price and Haskell current meters were used in the New York Harbor 
work. 

The Price Current Meter is manufactured by the Gurley’s of Troy, N. Y. Their 
last manual, 40th edition, gives considerable information in regard to this meter and 
other matter pertaining to the manipulation of a current meter. 

The Haskell Meter was, and I think still is, manufactured by Ritchie Bros., of 
Brookline, Mass. They also manufacture the Ritchie-Haskell Current-direction Meter. 
This latter instrument, in addition to registering the current, also gives the direction 
of the current at the same time. This latter information is very desirable at times and 
most important in gauging the Hudson river in the vicinity of New York City. 

Our observations showed that at certain times and stages of the tide, the under- 
run of the flood is very evident. ThiS phenomenon was observed at the Narrows— 
opposite 39th street on the Hudson—and I think up as far as Dobbs Ferry. (See Ap- 
pendix No. 15, C. & G. S. Report, 1887.) For the gauging of New York Harbor in 18835, 
current observations were made at seven discharge sections, viz.: one in Arthur Kill 
near Elizabethport, one in Kill van Kull near West New Brighton, one in the Narrows, 
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one in East river at 19th Street, and one at Old Ferry Point, one at 39th Street, Hud- 
son river, and one at Dobbs Ferry, Hudson river. 

Tide gauges were maintained at each of the above sections during the period of 
the current observations at least, and at Governor’s Island and Sandy Hook, at Elm 
Park and Elbow Beacon on Newark Bay, Hell Gate Ferry, Pot Cove and Willet’s 
Point on East river, and Ossining and Iona Island on the Hudson. In addition, cur- 
rent observations were also made on the outer slope of New York Bar. 

Six of the vessels of the Survey, together with steam launches and boats, their 
officers, crews and additional current and tidal observers, were employed during the 
season’s work. 

The principal results of the survey are given in Asst. Henry Mitchell’s Report, 
dated March 24, 1888 (Appendix No. 15, C. & G. S. Report, 1887). The under-run of 
the Hudson river, densities at different depths, the currents at different times and 
depths, and the slopes and changes of slope of the Hudson and East rivers are given 
and discussed. An unpublished report by Asst. E. E. Haskell (June 30, 1886), to 
Professor Mitchell, gives the reduction of the gaugings, giving the following flood 
and ebb discharges for the various sections: 


TABLE CV 


EPITOME OF RESULTS FOR DISCHARGE 


From observations made between July 28 and Sept. 16, 1886 


East river (19th street).............. Ebb (Westerly)e. cere 4,454,937,257 cubic feet 
Flood (Hasterly................ 4,007,175,676 “ : 
Hudson river (39th street)........... Ebb (Southerly)< 5.0 dace 6,996,678,413 “ x! 
Flood (Northerly).......00....... 6,220,985,545 z 
Kill van Kull (W. New Brighton).....Ebb (toward the Harbor)....... 1,790,103,372 “ ss 
Plood< ids. doe cae eh eee 1,712,415,362 “ 4 
Narrowsiinicy ciara eee: Hibb (Seaward secre terre eer 13,819,895,144 “ 
Blood ictchie Arnie as ten 12,703,616,481 “ 5 


In the observations of 1886, having mainly in view the circulation of the waters 
of the East river through New York Harbor, four current sections were occupied 
and twenty-five tide stations observed. <A series of precise levels was run for the 
connection of the tide gauges used in the physical hydrography investigation of New 
York Harbor and vicinity. Professor Mitchell’s report (App. 12, Report of 1886) of 
May 6, 1887, “On the circulation of the sea through New York Harbor,” gives the 
results of this investigation. 

Current observations were made at the entrance to New York Harbor during the 
summer of 1887, covering a period extending from June 20th to August 10th. Forty 
different stations were occupied during that time and they were taken in successive 
groups or sets of 3 to 4 simultaneously observed stations; they were taken in Four- 
teen I*t., East, Swash, Main Ship, Gedney and South Channels. Two vessels, two 
steam launches of the Survey and the necessary complement of boats and crew were 
used in the work. Self-registering tide gauges were running at Bath Beach and Sandy 
Hook during the observations. At 23 of the stations occupied for velocity observa- 
tions, specimens showing the nature and composition of the bottom were obtained, 
and it may be of interest to note that the field record of the dredged specimens in the 
East and Swash Channels describes some of the specimens as “black, sticky ooze or 
mud, having the smell and appearance of refuse from oil refineries or gas works” and 
“yellow scum,” “yellowish scum,” etc. 
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A report giving the scope of the work, tabulation of all the observed velocities, 
directions, densities, soundings, dredgings and descriptions of instruments and ap- 
pliances used is in the archives of the Survey. 

Appendix No. 9, Report of 1888, by Assistant Marindin, “Tidal Levels and Flow of 
Currents in New York Bay and Harbor,” demonstrates the movements of the tide in 
filling and draining the tidal reservoirs surrounding New York City. 

In addition to the already mentioned Appendices (No. 9, 1888, and No. 12, 1886, 
and No. 15, 1887), additional data bearing on the subject will be found in the Survey’s 
Reports for 1856, 1858, 1859, 1866, 1867, 1871 and 1876, and Bulletin No. 8. 

The subject of current and discharge measurements has been extensively gone 
into by the Mississippi River Commission and a great number of observations have 
been and are still being made by them. 

By their present method of taking a discharge of the Mississippi it takes but a 
few hours to complete the observations. The appliances used comprise a small steamer 
and one meter outfit. One of the time consuming items they do away with is that they 
do notanchor, but make the observations while the engineer, with hand on the throttle, 
keeps the boat on the cross-section by observing a fixed range on shore, care being taken 
that the beginning and ending of the observation is made when the boat is exactly on 
range. Likewise the boat is held laterally on the section by the helmsman observing 
a diagonal range on shore. On completion of the observations, the boat is then rapidly 
moved to the next station on the cross-section, and so on. 

Of course on the Mississippi the current is always down stream, and the change in 
the velocities are slow during the interval of observation, and a succession of daily 
observations permits one to eliminate even that small source of error. 

By consulting the reports of the Commission, especially those between the years 
1881 and about 1886, a considerable amount of detail information in regard to ap- 
pliances and methods may be obtained. Also a letter to the Secretary of the Commis- 
sion (1307 Liggett Bldg., St. Louis, Mo.), who has charge of the present observations, 
may bring some up-to-date information. 

Extensive current work was done on the Niagara River a few years ago. Hither 
the U. S. Engineer Reports or the Reports of the International Waterway Commission 
give some of the details of operation. In recent years the Weather Bureau and the 
Reclamation Service have also taken up the subject of Current Observation. 


Very respectfully, 
O. H. TITTMANN, 
Superintendent. 


Upon the receipt of the letter given here as Exhibit II, the Commission requested 
the Survey to give careful consideration to a list of ten specific questions concerning 
the volume of water discharging through the different parts of the harbor under con- 
ditions which were both usual and unfavorable to a large net outflow toward the sea. 
The letter described the uses to which this information was to be put and gave the 
Survey an opportunity to understand the scope and extent to which the detail was 
desired. This letter, which is dated June 19, 1908, is given here as Exhibit ITI. 
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EXHIBIT III 


New York, June 19, 1908. 
Mr. O. H. TITTMANN, SUPERINTENDENT, 
Coast and Geodetic Survey, 
Washington, D. C. 


My Dear Pror. TirrMANN: After giving due consideration to the various subjects 
discussed at the interviews which Mr. Sooysmith and I had the pleasure of holding with 
Secretary Straus, and later with you and Mr. Perkins, and in view of the necessities 
of the work upon which the Metropolitan Sewerage Commission is engaged, it has 
seemed desirable to form the following list of specific questions as a basis for infor- 
mation which your Survey is requested to supply. In order that you shall have the 
benefit, so far as possible, of our point of view in requesting this information, there 
are sent to you, under another cover, a reprint of a paper by one of us on the pollu- 
tion of New York harbor and the final report of the New York Bay Pollution Com- 
mission. The first report of the New York Bay Pollution Commission, containing 
specific references to data published by your office on tidal phenomena of New York 
harbor, is sent you at the same time. This is the last copy of this report which is 
available, the edition having been exhausted several years ago. 

The flow of water through New York harbor is interesting to the Metropolitan 
Sewerage Commission for a number of reasons, chief of which are the following: 


The sewage, that is the refuse which is carried by underground pipes and chan- 
nels from dwellings, manufactories and from the surface of the earth during rain 
storms, is now discharged into the harbor and its tributaries without restriction as 
to locality, quantity of waste, movement or volume of tide water at the point of dis- 
-charge or other restriction. Laws exist and are enforced to restrict the dumping of 
solid refuse such as ashes and kitchen waste into the harbor, but manufacturers and 
municipal corporations are permitted to dispose of their drainage as they see fit. 
The pursuit of this custom through many years has resulted in producing many ex- 
tensive nuisances, of which the’ Passaic river in New Jersey and Newtown and 
Gowanus creeks in New York are among the worst examples. The waters of these 
streams are highly polluted and the odors from them are exceedingly offensive. Plans 
have been made to sanitate the most polluted waters in the metropolitan district by 
carrying this sewage and other drainage to the main channels of the harbor. Exten- 
Sive projects have been executed, others are being begun and some are in contempla- 
tion for carrying large quantities of sewage from areas not immediately bordering 
upon the harbor to the main body of the Upper harbor for disposal. One of these 
projects is that of the Passaic Valley Sewerage Commission, concerning which you 
will find information in the printed matter already referred to in this letter. 
Another is the project of the Bronx Valley Sewer Commission which will discharge 
unpurified sewage into the Hudson immediately above the boundary line of New York 
City. The third is the project for improving Gowanus Canal; in this case water 
from the Upper bay will be pumped through a channel to the head of the canal in 
order to flush out the polluted water into the harbor. 

Persons who advocate sanitating small arms of the harbor at the expense of the 
water in the main channels, argue that there is an abundance of water from the rivers 
and ocean to dilute, diffuse and dispose of the impurities of all the municipalities in 
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the metropolitan district for practically all time to come. In this calculation the 
quantity of water which enters and leaves the harbor at each tide serves as a basis 
upon which to compare the quantity of sewage which needs to be diluted and dis- 
posed of. It is generally believed by the public that the harbor is flushed out very 
much as a watercloset is flushed, by the action of the tide. 

On the other hand, there are those who say that the harbor is polluted inadmis- 
sibly, that banks of mud have been formed from the solid matters carried by the sew- 
age, that the sanitating of the tributaries of the harbor at the expense of the’ waters 
in the main channels will lead to nuisance, that practically nothing is known con- 
cerning the fate of the sewage when it is discharged into the tidal currents except 
that it produces an offense to the eye in the neighborhood, and that untoward conse- 
quences must follow if large additions of sewage are to be made to the polluting con- 
ditions which exist already. Those persons who are most insistent for a clean harbor 
advance the idea that the tidal waters oscillate back and forth in New York harbor 
and that there is not a flushing action that can be depended upon to carry sewage to 
sea in anything like a regular and reliable way. This is the main manner. It is the 
duty of the Metropolitan Sewerage Commission (See Chapter 639, Laws of 1906, and 
Chapter 422, Laws of 1908, New York State) to make a thorough investigation of 
the conditions of sewage disposal in the metropolitan district of New York and New 
Jersey and formulate a general plan or policy for keeping these waters reasonably 
pure. Some work has been done along this line and more will be undertaken by em- 
ployees working under the immediate direction of this Commission. The Coast and 
Geodetic Survey is requested as a federal authority charged. with the duty of inves- 
tigating questions of tidal phenomena and possessing special experience in studying 
tidal conditions in New York harbor to supply information within its scope for the 
use of the Metropolitan Commission in its investigation. It is not expected that the 
Survey will enter deeply into biological, chemical or sanitary questions involved, al-- 
though information and suggestions with regard to these topics would be welcome. 
What the Metropolitan Sewerage Commission desires especially is information con- 
cerning the physical phenomena of tidal currents, their volume, direction, velocity 
and regularity. . 


It is understood by the Metropolitan Sewerage Commission that the Coast and 
Geodetic Survey has already at hand a large amount of information concerning the 
currents of New York harbor, some of which data remain in the archives of the Survey 
and some published. The Metropolitan Sewerage Commission, representing the City 
and State of New York, request that a study of all existing information in the posses- 
sion of and accessible to the Survey be examined and digested for the Metropolitan 
Sewerage Commission, having in mind the work before this Commission. On the 
receipt of a communication from the Survey giving the results of the Survey’s study, 
if recommendation is made for studies in the field in order to supplement, verify or 
extend the information, the Metropolitan Commission will be pleased to consider any 
plan and estimate for that work which the Survey may propose. If in the study of 
existing data two or three expert assistants are needed to expedite the work, the Met- 
ropolitan Commission will be pleased to authorize the Survey to do so at the expense 
of this Commission. It is desirable that immediate attention be given to this matter 
since the results are likely materially to modify several lines of investigation which 
the Metropolitan Commission will undertake. The time remaining to the life of this 
Commission is brief. 
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The subjects upon which the Metropolitan Sewerage Commission request infor- 
mation from the Coast and Geodetic Survey may be included in the following list 
of questions: 


1. What is the volume of water discharged through the Narrows in each direc- 
tion at each tide under conditions which are (a) usual and (b) unfavorable to a large 
net outflow toward the sea? 

2. What are the principal current phenomena, at the Narrows and at other 
points in the harbor, which accompany this discharge? 


3. What is the volume of water discharged in each direction at each tide at con- 
trolling points in the harbor, notably the mouth of the Hudson river, the East river, 
the Harlem river, Kill van Kull, the Arthur Kill under conditions which are (a) 
usual, and (b) unfavorable to a large flow toward the sea? 


4. What are the main tidal phenomena of the Passaic river, Gowanus Canal, 
Newton creek, Bronx river, Rahway river, Jamaica bay, Shrewsbury river and Rar- 
itan river? 


5. Is there a discharge of water through the East river and New York bay from 
Long Island sound to the sea, and if so, how great is it under (a) usual conditions and 
(b) conditions which are unfavorable to the discharge of water from the harbor? 


6. To what extent have changes in the depth, width and location of the chan- 
nels and the construction of islands and bulkheads affected the flow of water through 
the harbor? 


7. In general terms, what are the controlling factors which affect the flow of 
water in and out of New York harbor? Especially what is the effect produced by 
the wind? 

8. Would it be feasible to establish a system of gauges in and about New York 
which would permit the city to make a calculation at any time of the quantities of water 
being carried in the main tidal currents? 


9. What are the average, the maximum and minimum velocities in each direction 
of the currents at the principal points in New York harbor taken at the time when 
each current is strongest? That is, how do the velocities vary with different tides 
through the year. 

10. What is the distance that water moves in different parts of the harbor 
through a complete tide, from high water to high water and from low water to low 
water as shown by floats, and what is the net movement of the water starting from 
different points toward the sea? 

We shall be pleased to answer any inquiries you may make in order to make 
these questions explicit. We have purposely endeavored to give you considerable lat- 
itude in your replies and have prefaced this letter with a statement of our point of 
view in order that you may use your judgment and collect your data in the way 
which appears to be most likely to give us the information we desire. | 

Hoping you will be able to give us your full reply as soon as possible, we are, 


Very sincerely, 
GEORGE A. SOPER, 
President. 
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The reply of the Survey to the letter printed here as Exhibit III was dated 
August 14, 1908, and appears here as Exhibit IV. 


EXHIBIT IV 


WASHINGTON, D. C., August 14, 1908. 
Mr. GEORGE A. SoPER, 
President, Metropolitan Sewerage Commission, 
17 Battery Place, New York City. 


Sir: In reply to the questions contained in your letter dated June 19, 1908, I 
have the honor to submit the following statements: 

Before taking up the questions in their regular order, it seems best to give the 
fresh-water discharge or run-off for the regions considered. 

Gauging stations have been maintained by the U. S. Geological Survey, in con- 
junction with the State Engineer and Surveyor, at Mechanicsville on the Hudson 
and at a point on the Mohawk river about 4 miles below Rexford Flats. The areas 
above these stations, and whose drainage passes by them, are shown in the below 
table. Now the amount of fresh water running off from areas below these gauging 
stations might be assumed to be related to these areas as the measured discharges are 
to the areas above the gauging station. Such values are given in the below table. But 
a closer approximation to the truth would be the values just referred to, multiplied 
by factors representing the ratios of the annual rainfall over the regions under con- 
sideration to the annual rainfall over the regions above the two gauging stations. 
These ratios have been obtained from Plate 26, Climatology of the United States, 
Prof. A. J. Henry, and the results after having applied the factor are also shown in 
the table. 

The final or adopted results are the underscored values. 
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560 DATA RELATING TO THE PROTECTION OF THE HARBOR 


1. What is the volume of water discharged through the Narrows in each direc- 
tion at each tide under conditions which are (a) usual and (b) unfavorable to a 
large net outflow toward the sea? | 

At Fort Wadsworth the width of the Narrows is 1 statute mile, or 5,280 feet, and 
the average depth at half-tide level 61 feet, thus making the area of the section 
322,080 square feet. Judging from observations made near this section in 1858, 1885, 
and 1886, it appears that the value of the strength of the flood or ebb stream meas- 
ured when the surface current is greatest is 2.0 knots per hour, or 3.378 feet per 
second. Now, according to rules which have been deduced in connection with vari- 
ous rivers, the mean or cross-sectional velocity is about 0.75 times the value of the 
velocity belonging to the stviftest surface thread. Cf.: 

Encyclopedia Britannica, Vol. 12, pp. 509, 510. 

Darcy and Bazin: Recherches Hydrauliques (Atlas), Plates 19-23. 

Merriman: A Treatise on Hydraulics (4th Ed.), Art. 113. 

Bovey: A Treatise on Hydraulics (2d Ed.), p. 259. 

Murphy: Accuracy of Stream Measurements (Water-Supply and Irrigation 
Paper No. 95), p. 138. 

The maximum surface velocity being 2.0 knots, the cross-sectional velocity will, 
according to the above rule, be 2.00.75 or 1.5 knots per hour=2.5335 feet per 
second. 

The entire volume of tide water passing this section during a flood or ebb period 
of 6 lunar hours, or 22,357 seconds, is, since the current curve is approximately a 
sine curve, 

2 22,857 X 322,080 2.5335 
= 14,233 322,080 X2.53835—= 
4,584,164,640 x 2.5335—11,613,981,014 
cubic feet. The above velocities are for ordinary maximum or strengths of flood or 
ebb. They vary during the month about as the rise or fall (range) of tide upon 
which they occur varies. The amount of this variation can be ascertained from the 
answer to question No. 7. 

Mitchell’s estimate based upon observations made in 1885 and given upon page 
36, Coast and Geodetic Survey Report for 1886, is 18,261,755,813 cubic feet. 

2. What are the principal current phenomena, at the Narrows and at other 
points in the harbor, which accompany this discharge? 

The principal tidal current phenomena can be seen from the charts constituting 
Figs. No. 12 and 138, Appendix No. 6, Coast and Geodetic Survey Report for 1907. 
The Roman numerals denote the Greenwich lunar time of the strength of flood. The 
“tidal hours” given at the bottom of each page show the Greenwich lunar times of 
high and low waters. Consequently, the times of the maximum current can be com- 
pared directly with the times of the tide. For instance, it will be noticed (from Fig. 
13) that the time of maximum flood current at the mouth of the Hudson river occurs 
at very nearly the time of high water at Governor’s Island, whose high-water tidal 
hour is given as XII.73. It will also be noticed that the flood (or ebb) current in 
Kill van Kull is 214 lunar hours earlier than the flood (or ebb) in the axis of the 
upper bay. 

1 lunar hour=1.03505 solar hours. 

The sharp arrows with numerals written upon them denote the direction and 
velocities of the flood stream, at the time of its strength or maximum velocity. 
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The blunt arrows denote the non-tidal surface stream which happened to be run- 
ning at the time when the observations were taken. On account of the shortness of 
the periods of observation, no great weight should be attached to the velocities de- 
noted by the blunt arrows. The permanent or net discharge should be taken from the 
table given above. 

In the Hudson river the tidal currents are due chiefly to the progressive wave 
motion there existing. This is proved by the fact that the greatest flood and ebb 
velocities occur at very nearly the times of the local high and low waters. Through 
Kill van Kull and Arthur Kill the tidal currents are nearly hydraulic; 7. e., they flow 
from the body having temporarily the higher surface level to the one having tempo- 
rarily the lower. The flow is caused by a difference in head which temporarily exists 
between the bodies connected. The same is true of the currents through East river, 
and is probably true for those through the Harlem. 

The distance over which any floating particle will be carried by the tide can be 
estimated from Figs. 12 and 138, referred to above. These charts show the currents 
at the time of strength. At any other time they may be inferred from those given. 
Suppose at a given place the strength of the tidal current is A. At any other time 
the velocity will be A cos 30 t where ¢t denotes the number of lunar hours after the 
time of strength. If solar hours are used then the velocity will be A cos *29.98 t. By 
computing and plotting a number of these velocities at each of several stations in the 
locality concerned it is possible to make an estimate of how a floating particle will 
be drifted by the currents. 

In a channel where the current does not vary much from point to point in the 
direction of the motion, a particle having a velocity of A knots per (solar) hour will 
not be driven from its mean position by a distance A X length of 14 tidal period or 
AX3.10515 but, because of the harmonic or sine like character of the motion, the dis- 
tance from the mean position will be 


a A3.10515 knots 


or about two-thirds of the distance which would be covered were the maximum or 
strength velocity maintained throughout the quarter tidal period. 

(Corrections. On the chart (Fig. 13) the station between Governors Island and 
Bedloe Island should be moved a short distance westward so as to conform to the 
position given on p. 387, Coast and Geodetic Survey Report for 1907. On p. 385 same 
Report, the strength of the ebb stream for the station off 23d street, East river, should 
read 2.62 instead of 1.72. The arrows upon Fig. 18 should be altered in accordance 
with this correction.) 

The strong currents through the Narrows and the fact that the strength of flood 
or ebb occurs considerably earlier than the time of high or low water indicates that 
they are largely hydraulic; 7. e., due to a difference in head between the waters of 
the upper bay and the waters outside. There is, however, considerable progressive 
wave motion accompanying this hydraulic motion. 

The answers to most of the other questions have a bearing upon the answer to 
this one. 

3. What is the volume of water discharged in each direction at each tide at 
controlling points in the harbor, notably the mouth of the Hudson river, the East 


*This should be 28.98—K. A. 
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river, the Harlem river, Kill van Kull, the Arthur Kill, under conditions which are 
(a) usual, and (b) unfavorable to a large flow toward the sea? 

Between Battery Place and Communipaw Ferry the width of the river is 4,500 
feet and the average depth at half-tide level is 40 feet; the area of the section is 
therefore 180,000 square feet. Judging from current observations made near this 
section in 1854, 1855, 1858, 1872, 1873, it appears that the velocity of the tidal cur- 
rent at the time of their strength, or ordinary maximum, is 1.9 knots for the portion 
of the stream having the greatest surface velocity. According to the rule mentioned 
in the answer to No. 1, the average velocity of the cross section is about 0.75 of 1.9 
knots= 1.425 knots per hour = 2.4068 feet per second. 

Tlie entire volume of tide water passing this section during a flood or ebb period 
of 6 lunar hours, or 22,357 ordinary seconds, is, 

14,233 < 180,000 < 2.4068 
= 6,166,077,192 cubic feet. 
14,2882 X 22,857, 

Mitchell’s estimate based upon observations made in 1858 and 1872, given upon 
page 118, U. S. Coast Survey Report for 1871, is 4,511,000,000 cubic feet; while his 
latest estimate, given upon page 36, Report for 1886, is, for a section off 39th street, 
6,611,331,779. 

At Green street, Greenpoint, Brooklyn, the width of East river is 3,000 feet, while 
the half-tide level average depth is 32 feet. The area of the section is, therefore, 
96,000 square feet. Current observations made near this section in 1854, 1858, 1873,. 
1885 and 1886 indicate a maximum surface velocity of 2.4 knots. Upon the assump- 
tion used in connection with the Narrows and the Hudson river the cross-sectional 
velocity will be 1.8 knots, or 3.0402 feet per second. This velocity gives as the tidal 
volume passing this cross-section 

14,233 < 96,000 *3.0402—4,154,031,994 cubic feet. 
The value of this tidal volume, as given upon page 118 of the Coast Survey Report for 
1871, is 4,883,000,000 (ebb), and upon page 36 of the Coast and Geodetic Survey Re- 
port for 1886 is 4,231,056,466 cubic feet. 

Off 81st street the width of the west channel is 800 feet, the average half-tide 
depth is 39 feet and so the area of the section is 31,200 square feet. Similar numbers 
for the east channel, a little southward from Graham avenue, are 600, 2614 and 
15,900 respectively. 

In the former section the maximum surface velocity is 4.9 knots and in the latter 
4.0 knots, according to observations made in 1857 and 1874. The cross-sectional 
velocity for the west channel at the time of strength will; according to the rule 
already used, be 3.675 knots per hour= 6.2069 feet per second. For the east channel 
it will be 3 knots per hour=5.0670 feet per second. 

The volume passing the western section in 6 lunar hours is 

14,233 31,200 < 6.2069=2,756,295,600 cubic feet, and that passing the eastern 

14,233 X 15,900 « 5.067=1,146,685,915 cubic feet. 

The sum of these two volumes is 3,902,981,515 cubic feet. 

This Survey has made no current observations in the Harlem river proper. 

A section near the mouth of Kill van Kull, between Constable Point and New 
Brighton, measures, at mean water stage, 1,425 feet in width and 27 feet in depth, the 
area of the section therefore being 38,475 square feet. 
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Current observations made in 1856 and 1885 indicate a maximum surface velocity 
for this section of 2.3 knots at the time of ordinary strength. Applying the same rule 
at that used for the Hudson river the velocity for the cross-section at the time of 
strength would be 1.725 knots or 1.725X1.689=2.9135 feet per second. This velocity 
gives as the tidal volume passing this cross section 

14,233 X 38,475 XK 2.9135=1,595,475,341 cubic feet. 

The theoretical velocity for a section extending across Kill van Kull is 
Fey Oe pranenes ot BT Se Rae eee ee x rate of rise and fall of surface of the bay. 
The level of the bay and nearby branches rises and falls about 4.5 feet. The interval of 
time between high and low water is approximately 6 lunar hours, or 22,357 ordinary 
seconds. Since rise and fall is approximately harmonic, or sine like, the velocity of 


the current at the time of strength will be an (=1.5707963) times the average 
velocity fo} + 22,357—0.00007025971. 


The area of the waters above this section, including most of the Kill van Kull, 
Newark bay, the Passaic river as far as the Falls, and the Hackensack river and 
branches, measures 15.3 square statute miles, or 426,539,520 square feet. The cross- 
sectional velocity at the time of strength would be, if Arthur Kill were cut off from 
Newark bay by a dam at Elizabethport, 

ae X 0.00007025971  4.5=3.505093 feet 
per second. The tidal volume is 426,539,520 x 4.5=1,919,427,840 cubic feet, the most of 
which passes through Kill van Kull. 

According to the estimate made upon page 36, Coast and Geodetic Survey Report 
for 1886, the tidal volume passing the Kill van Kull at West New Brighton is 1,751,- 
259,867 cubic feet. 

A few observations made in the Arthur Kill off Elizabethport, just above the mouth 
of the Elizabeth river, in 1856 and 1885, indicate a maximum surface velocity of 1.8 
knots or 18/23 the value observed in Kill van Kull. The section of Arthur Kill is 
about 600<16=—9,600 square feet, which would be equivalent to 18/23 of 9,600, or 
*7804.5 square feet if the velocity were 2.3 knots instead of 1.8 knots. Hence the com- 
puted velocity in Kill van Kull should be reduced by the ratio 

38,475 
38,475--7,513 0.8366313. 
3.505093 multiplied by this number gives 2.9324705 as the theoretical cross-sectional 
velocity of Kill van Kull. The computed tidal volume multiplied by the same number 
gives 1,605,853,409 for the corrected theoretical amount entering and leaving Kill van 
Kull. 
-This agrees well with the results from determination first given. 

Of the waters entering and leaving Newark bay and tributaries, about 84 per 
cent. passes Kill van Kull and 16 per cent. passes the upper end of Arthur Kill. 

Final check. Reckoned in billions of cubic feet, the tidal flow during a complete 
flood or ebb of 6 lunar hours is as follows: 


The Narrows (Fort Wadsworth)... 25. ec. 5 once ce cee 11.61 
The Hudson. } (Battery place) 0.0... 2 AS 6.17 
East river (Greenjstreet) aera asim iye pcan memes 4.15 
Tit van Wall?) (Neat Haseena) eae 2 oe oe noe ad oe c's he ies 1.60 


*Should be 7513—see Letter of Perkins to Allen, Sept. 30, 1908. The correct value has been used in computa- 
tion. Change made here by G. A. S. 
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From Fig. 13, referred to above, the current hours for water flowing towards the 
Upper bay are as follows: 


Hour Equivalent in Degrees 
The: Narrows eX LeGiieae oe cieie ns rect biolotcieterenerstels tome & RAs es 348 
The Hudson. © VI.8 (= XIL.8 — 6) 00 wisn we ae eset els 204 
East river V8 C= XLS = 6) irae et oe ee 159 
Kill van Kull) \TIE.8 (= EX, 8'— 6)023 Ve cee 114 


Now it is known with a good degree of accuracy that the semi-daily tidal wave 
attains its maximum height in the upper bay XII.84 o’clock, and so the time of half- 
tide level (rising) will be XII.84—3—IX.84—295°. Evidently the rate influx into 
the harbor should be greatest at the time of half-tide level rising. The rate influx at 
any time ¢ is proportional to 

11.61 cos (30 t—348)+6.17 cos (30 t—204). 
+4.15 cos (80 t—159)-+1.60 cos (30 t—114). 


If ¢ denote the time of maximum influx (—IX.84), the following relation 
should obtain: 
11.61 sin (295°—348)+6.17 sin (295—204) 
+4.15 sin (295 —159)-+1.60 sin (295—114) —0. 


The sum of the positive terms comes out 9.05 and of the negative terms —9.30, or 
within 2 or 3 per cent. of exact agreement. The amount of the influx for a tide is 


11.61 cos (295—348)+6.17 cos (295—204) 
+4.15 cos (295—159)+1.60 cos (295—114). 


This comes out as 2.29. Now the area of the Upper bay between the sections just 
mentioned is 22 square statute miles—613,324,800 square feet. This multiplied by the 
range of tide, 4.4 feet, gives 2.6986 billions of cubic feet as the tidal volume. This 
does not agree with the above value, 2.29, very closely, but being a quantity depend- 
ing upon the excess of the water flowing through the Narrows over the water flowing 
out through the three other openings, its value is very sensitive varying greatly for 
small variations of the assumed data. 

The foregoing estimates of the fresh water discharge, and the volumes of tide water 
passing the given cross sections, have been made by methods quite different from 
those used by Professor Mitchell, and there is a general agreement _ between the 
results just obtained and those obtained by him. In the present instance, care has 
been taken to reduce observed current velocities to their mean or ordinary condition, 
v.e., to correct for the fact that the ranges of tide upon the days when current observa- 
tions were taken generally differed from their mean values. Wherever it has been 
found necessary to resort to empirical rules, it has been so stated and these have been 
made as few and as simple as seemed possible. 

One of the chief uncertainties connected with the measurements has been the 
widths of the channels where piers or wharves project into them. These certainly 
change the character of the flow along the shore and the amount will depend upon 
the openness of their substructures. 

If the present estimates are deemed inadequate for the purpose of the Commis- 
sion, it would seem that the only way to obtain improved values would be to gauge 
more extensively with a meter each of the given cross-sections. The gauging should 
be made at regular intervals of distance from one end of the cross-section and at reg- 
ular height intervals. This should be continued day and night for two or four weeks. 
Each section would require as many observing parties as there are, say, hundred-foot 
intervals across the stream. 
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4, What are the main tidal phenomena of the Passaic river, Gowanus Canal, New- 
town creek, Bronx river, Rahway river, Jamaica bay, Shrewsbury river and Raritan 
river? 

The Passaic river, Newtown creek, Bronx river, Rahway river and Raritan river, 
are imperfect examples of tidal rivers with estuaries. In such streams there is a 
tendency for the maximum flood velocity to occur less than three hours before the 
time of local high water and the maximum ebb velocity to occur less than three hours 
before the time of local low water. In a very long tidal river, the strength of flood 
or ebb would occur almost as late as the time of local high or low water. In streams 
of the kind here considered, the range of tide may increase somewhat in going up 
stream provided the cross-section diminished gradually. If, however, piers or bridges 
interfere seriously with the flow of tide the range above such obstructions will be 
decreased, and as a consequence the tidal volume entering a river so obstructed will 
be diminished. Suitable dredging will increase the range of tide. 

The range of tide at Passaic Light, Newark bay, is 4.7 feet; at Newark it is 5.0 
feet and at Passaic about 3 feet. 

The range of tide at Sandy Hook is 4.7 feet; Keyport, Raritan bay is 5.3 feet; at 
South Amboy, Raritan river, 5.3 feet; at New Brunswick 6.0 feet. The range of tide 
at the mouth of the Rahway river is 5.0 feet; at the mouth of Newtown Creek 4.0 
feet; and at the mouth of the Bronx river 7.1 feet. 

Jamaica bay is a tidal reservoir connected with the ocean by Rockaway inlet. The 
tidal currents through this inlet are hydraulic, the greatest velocity occurring when 
the bay is being filled or emptied most rapidly, or about three hours before high or 
low water in Jamaica bay. The considerable tidal area of the bay necessitates rather 
strong currents through the inlet, and the erosion due to these produce a depth as 
great as 50 feet just west of Rockaway Beach. 

The theoretical velocity for a section extending from Barren Island to the north- 
ern coast of Rockaway Beach is, 

Area of bay above cross-section at H. T. L. stage rate of rise and fall 

Area of cross-section at half-tide level stage { of surface of the bay. 

Suppose the level of the bay as a whole rises and falls 4 feet. The interval of 
time between high and low water is approximately 6 lunar hours, or 22,357 ordinary 
seconds. Therefore the average rate of rise or fall per second is 422,357 foot. The 
tide curve being approximately a sine curve, the maximum rate will be the average 
rate multiplied by GP or 1.5708. 

The area of Jamaica bay and tidal tributaries is 19.275 square statute miles 
(=537,356,160 square feet), at mean sea level. The cross-section from Barren Island 
to the northern shore of Rockaway Beach is, at the time of mean sea level, 79,425 
square feet, the width being 3,177 feet and the average depth 25 feet. 

. 537,356,160 4 
79,495 99,867 «1-8 108 
=1.9014 feet per second, or 1.1258 knots per hour, for the cross-sectional velocity 
at the time of the strength of flood or ebb. In the center of the channel the velocity 
will be greater than this, while along the shores it will be less. 

A few observations made in 1877 near this cross-section give a surface velocity 

at the center of stream. 





Strength of flood, 1.9 knots. 
Strength of ebb, 2.4 knots. 
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Shrewsbury river communicates with the waters inside of Sandy Hook through 
a narrow passageway. As a result the range of tide in the broad portion of the river 
is considerably smaller than the range around Sandy Hook, and the time of tide is 
considerably later. A deepening of the passageway would cause a greater rise and 
fall of the water in the broad portion of the river and so increase the tidal volume 
entering and leaving the river. It would also accelerate the time of the occurrence of 
the tide. The flow through the passageway is nearly hydraulic; 7. e., the water flows 
towards the inner or outer body according to which is for the time being the lower. 

Gowanus Channel is so situated that the tidal flow must be very small. The 
volume of water which enters upon a flood tide or leaves upon an ebb tide will be 
the area of this canal multiplied by the range of tide which is practically the 
same as the range at Governor’s Island. The length of the canal (and its branches) 
above Hamilton avenue is 8,250 feet. This implies a cross-sectional velocity of 

2.55* 
depth at half-tide level 
depth of 10; feet this would be 0.255 foot per second, and for a depth of 5 feet, 0.510 
foot per second. Near the head of the canal, or of any branch of the canal, the 
velocity from the tide is practically zero. The above computation relates to a cross- 
section of ordinary size at or near Hamilton avenue. 

5. Is there a discharge of water through the East river and New York bay from 
Long Island sound to the sea, and if so, how great is it under (a) usual conditions 
and (b) conditions which are unfavorable to the discharge of water from the harbor? 

There is doubtless a small resultant flow through East river from Long Island 
sound into Upper New York bay, although observations do not conclusively show it. 
As already stated the flow through East river is chiefly hydraulic, the water flowing 
always toward that body which is the lower for the time being. 

Now the greatest velocity possible in an open channel will be found where the 
cross-section has the least area. In case of the East river this section extends be- 
tween Astoria and Ward’s Island. The greatest possible velocity will be 


v= V2g (6 —2,) : (1) 


where ¢, ¢, denote the heights of the surface of the two bodies above half-tide level. 
If the channel have a sensible length, say more than a few hundred feet, the velocity 
at the region where it is greatest will be given by the formula 


29 (¢,—Z,,) 
v= Ap i 
Leet gerie 


feet per second at the time of strength of flood or ebb. For a 


(2) 


where ¢’ is an empirical abstract number equal to about 0.007565, P the wetted 
perimeter, & the area of the cross section, / the length of the channel. If the channel 


ey — __lidal prism 
Area X duration 


Tidal prism = length X width X range of tide. 
Area = width X depth. 


__ Length X range 
Depth X duration’ 


Maxine: Length X range _ %X 8250 X 4.4 _ 2.55 
2 \ Half-tidedepth/ 22357 xX depth Half-tide depth. 


{This depth is used for purposes of illustration, the correct depth not being known. 


= mean velocity at outer end. 


Duration = 6 lunar hours = 22357 seconds. 
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have a gradually varying cross-section, the velocity at the region where it is greatest 
will be v where 


ah Acne TA CS Na a lat 
’ P, PF $34 ; 
1+¢ ret li +, a,2 L(=) -L. Avi chien 


Here the subscript , is supposed to refer to the portion of the channel where the 
smallest cross-section, and so the greatest velocity, occurs. The subscripts 2, 3, .-.. 
refer to other portions of the channel. 

The mean range of tide at Willets Point is 7.2 feet; the tidal hour of the semi- 
daily wave is III.9. The corresponding quantities for Governor’s Island are 4.4 and 
XII.8. By combining two sine curves (Coast and Geodetic Survey Report for 1907, 
pp. 328, 542), these values give X.9 as the time of the greatest eastward downward 
slope throughout Hast river, and 4.3 feet as the difference in head at this time. The 
time of the greatest slope in the opposite direction is X.9—6—IV.9. These times 
agree approximately with the times of the strength of flood and ebb throughout the 
greater portion of East river, observation making the latter XI.3 and V.3. 


The formula 


(3) 


v= V2 g CG cat t,,) 
becomes 
v—=8.0215 Vt, —f,—=8.0215 4.3=8.0215 & 2.0736—16.63 


feet per second, a value much in excess of the measured value. This shows that the 
resistance factor in the denominator of the more general expression for v* is several 
times unity. 

If the East river were very much deeper and broader than it now is in all portions 
of its course except in the Hell Gate, then the quantity of water passing through Hell 
Gate during a flood or ebb period of 6 lunar hours would depend upon the area of the 
flood or ebb cross-section. The rate of the flood and ebb streams at the times of their 
maximum values being, upon the above hypothesis, sensibly the same, the rate of dis- 
charge in the two directions at these times will be proportional to the flood and ebb 
sections. In the Hell Gate as it exists the area of the section for the east-going stream 
averages less than the area of the section for the west-going stream. 

The high water tidal hour between Astoria and Ward’s Island is about III.5. 
The time of attaining the following half-tide level will be III.5+~3—VI.5. This 
shows that when the west-going stream (ebb) has its maximum value (viz., at V.3) 
the water in the Hell Gate is falling but lacks 1.2 lunar hours (VI.5—V.3) of reach- 
ing its half-tide level stage. The range of tide here being 5.6 feet, the surface will 
then be 2.8 sine (1.2380) =2.8 sine 36°—1.646 feet above its half-tide level. These 
results are in general accord with those shown in Diagram C, page 416, Coast and 
Geodetic Survey Report for 1886. If the half-tide depth in this locality were 35 
feet, it might be inferred that the rate of westward discharge at the time of strength 
of current would be to the rate of eastward as 35-+-1.646:35—1.646, or about 1.1. 
Considering a whole flood or ebb this ratio would be not far from 1.05. But an in- 
crease in the cross-section of the Hell Gate does not involve a proportional increase 

*Correctly written 
V2 = 29% — &,) 


Pi Puan: (3) 
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in the quantity of water transmitted. For, as noted above, the resistance factor, in 
the denominator of (3), due to the friction in the river bed is responsible for the 
diminution of the velocity from its theoretical value 


V2 g (¢,—%,,) 


to its observed value. This factor increases or decreases if the size of the cross- 
section at the Hell Gate (2,) increases or decreases, 8&2, 3, etc., remaining the 
same. Because this factor greatly exceeds unity it seems probable that the volume 
transmitted westerly can be not more than 1 or 2 per cent. greater than the volume 
transmitted easterly. It almost certainly plays no important part in flushing out 
New York harbor. 


6. To what extent have changes in the depth, width and location of the channels 
and the construction of islands and bulkheads affected the flow of water through 
the harbor? 

Owing to the fact that the tidal areas such as the Upper bay, Hudson river, and 
Newark bay are large in comparison with any reclaimed areas, it follows that the 
flow in or out of the harbor can scarcely be sensibly affected because of the tidal area 
already lost. Of course a sufficient extension of the piers into the Hudson river 
would reduce the amount of tide water passing up and down that river. However, 
neither the reclamation of shoal areas nor the extension of the piers into the Hudson 
seems, up to the present time, to have sensibly interfered with the tide. For in- 
stance, the mean range of tide at Dobbs Ferry, determined from observations made 
in the years 1856, 1858, 1885, 1886 and 1900, has the values 3.71, 3.69, 3.58, 3.60 and 
3.66 feet, respectively. 

The dredging of the channels in the Lower bay has probably produced no sensible 
alteration in the general circulation of the harbor. 


7. In general terms, what are the controlling factors which affect the flow of 
water in and out of New York harbor? Especially what is the effect produced by 
the wind? 

The variability of the drainage discharge from month to month has been con- 
sidered in answer to question No. 1. 

The variability of the quantity of other water entering or leaving the harbor 
may be either regular, that is, dependent upon the known or predictable variation in 
the rise and fall of the tide; or it may be irregular, that is, dependent upon the 
effects of the wind. 

The mean range of tide at Governor’s Island is 4.4 feet, the spring range 5.3 feet 
and the neap range 3.4 feet. The spring tides occur about 25.6 hours after new moon 
or full moon and neap tides as many hours after the first or third quarter of the 
moon. The perigean range of the tide is 5.3 feet and occurs about 37.8 hours after 
the moon is in perigee; the apogean range is 3.8 feet and occurs 37.8 hours after the 
moon is in apogee. At the time of the moon’s extreme fortnightly declination north 
or south from the celestial equator, the difference in height between two consecutive 
high waters is 1.0 foot and between two consecutive low waters 0.3 foot. 

The above figures indicate the average value of the principal variations in the 
tide at Governor’s Island. 

Of course, if the new or full moon happens to occur on the day when the moon is 
in perigee, the ranges of tide of that day will exceed the ordinary value of spring 
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ranges by a quantity about equal to the excess of the perigean range above the mean 
range. 

The ordinary extreme value of the annual fluctuation of the surface of the Upper 
bay due to the winds is about 4 feet. On one or more days of each winter it is usual 
for the winds to produce an extreme depression in the water’s surface of about 2 feet 
below the regular tidal, or predictable, height, that it, below the surface as influ- 
enced by the tides alone. Some time during each year the winds ordinarily produce 
an extreme elevation in the surface of about 2 feet above the regular tidal, or pre- 
dictable, height. 

8. Would it be feasible to establish a system of gauges in and about New York 
which would permit the city to make a calculation at any time of the quantities of 
water being carried in the main tidal currents? 

It might be well to establish and maintain a gauge upon the Hudson river some- 
where above Manhattan Island, say, at Dobbs Ferry or at some point a few miles 
further north. If the range of tide were there found to diminish from year to year 
it would indicate that the tidal movements were being reduced because of the in- 
croachment of the piers and bulkheads from the New York and New Jersey sides of 
the river. For similar reasons gauges might be maintained, one on Newark bay, say 
at Passaic Light, one on the Passaic river near Paterson, and one on the Hacken- 
sack river near Hackensack. 

9. What is the average, the maximum and minimum velocities in each direction 
of the currents at the principal points in New York harbor taken at the time when 
each current is strongest? That is, how do the velocities vary with different tides 
through the year? 

Answer included under answers to Nos. 1 to 4 and No. 7. 

10. What is the distance that water moves in different parts of the harbor 
through a complete tide, from high water to high water and from low water to low 
water as shown by floats, and what is the net movement of the water, starting from 
different points, towards the sea? 

The rate of movement of the water towards the sea (due to fresh water above the 
point considered) can be ascertained by dividing the fresh water discharge per 
second or per 6 lunar hours by the area cross-section through the given point. [or 
instance, through the Narrows the average cross-sectional velocity of the discharge 
is 26,442—322,080—0.0821 foot per second. It is least in August and greatest in 
April. 

Between Battery Place and Communipaw Ferry the cross-sectional velocity of 
discharge is 24,314~180,000—0.1351 foot per second on an average throughout the 
year. 

The distance through which the water moves in a given time or through a com- 
plete tide can be ascertained as explained in the answer to No. 2. 

Free floats have been used in a few cases. A blue print* showing the courses of 
the floats in East river together with an explanatory table is given below. 

The copy of the first Report of the New York Bay Pollution Commission is 
returned, as requested. 

Respectfully yours, 
F. W. PERKINS, 
Act’g Superintendent. 
1 enclosure. A. B. 
*Not reproduced. 
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The letter consists largely of a mathematical and theoretical discussion of the 
flow of water, and is based largely upon the methods of studying the flow of large 
streams of water which engineers and physicists customarily employ where gaugings 
and current observations are not available. 

One of the results of the study was to revise the Survey’s former estimates of the 
flow of water in the Lower East river so that instead of a large excess which might 
be utilized for the mechanical removal of sewage from the Lower East river, there 
appeared to be little or no preponderance of discharge in one direction over the reverse 
flow. 

After giving considerable study to Exhibit IV, it became necessary for the Com- 
mission to ask the Survey to clarify certain matters relating to the Lower East river 
and the question of a preponderance of flow in the Lower East river was again re- 
ferred to in a letter dated January 21, 1909, and given here as Exhibit V. 


EXHIBIT V 
New York, January 21, 1909. 


Mr. F. W. PERKINS, ACTING SUPT, 
U.S. Coast and Geodetic Survey, 
Washington, D. C. 


Sir: With reference to your letter of August 14, 1908, regarding the tidal 
phenomena of the waters of New York harbor, there is one point we have not been 
able to reconcile with other data at hand: In connection with the resultant flow from 
Long Island Sound to the Upper Bay you state (p. 23): “There is doubtless a small 
resultant flow through East river * * * although observations do not conclusively 
show it. As already stated, the flow through East river is chiefly hydraulic * * *.” 
You then deduce a formula (3) for the velocity at Hell Gate, the resistance factor in 
the denominator of which accounts for the variation from the theoretical velocity, 
and say that, “Because this factor greatly exceeds unity it seems probable that the 
volume transmitted westerly can be not more than 1 or 2 per cent. greater than the 
volume transmitted easterly” (p. 27). 

This theoretical deduction is not entirely clear to us, as the increase in cross- 
sectional area during the ebb, on which the discharge is largely dependent, is not 
known and may be large. But after all, the actual gagings that have been made 
would appear to have more weight in any conclusion than any deductions based upon 
theory alone, and we would therefore be glad to learn: 


1. Whether there are other gagings or considerations not known to us that would 
invalidate the results obtained. 


2. How the gagings made by the U. 8. C. & G. C. at 19th street in 1885 (Rep. 1887, 
App. 15, p. 305), and at 23d Street in 1886 (Rep. 1886, App. 13, p. 424), can be recon- 
ciled with the conclusion that the preponderance of the ebb flow is not over 1 per cent. 

We would call attention to the explanation of a substantial preponderance in 
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Rep. 1886, App. 13, p. 421, where it is stated that “there are 314 feet more water over 
the sill of Hell Gate when the eastern slope is at maximum,” etc., and to p. 429, where 
certain estimates are given of this excess. 

We would also refer to a letter written by Mr. O. H. Tittmann, Superintendent 
U. 8. C. & G. S., June 1, 1903, to Mr. J. A. Lebkuecher, Chairman Passaic Valley 
Sewerage Commissioners, a copy of which was furnished one of our Commission, in 
which he estimates the: 

Westerly Flow at 19th Street at 4,454,937,257 cubic feet. 

Kasterly Flow at 19th Street at 4,007,175,676 cubic feet. 
adding that “The volume of discharge given above should supersede the data previ- 
ously furnished.” 

In short, from every source of information available, including the opinion of 
pilots and the view which is understood to be held by members of the New York Har- 
bor Line Board, the preponderance of a southward-moving current of, at least, 10 per 
cent., and possibly more is indicated. 

Thanking you again for the assistance you have already rendered us and hoping 
that you may find it convenient to throw light on the above perplexing question, I 
remain, 

- Very sincerely, 
GEORGE A. SOPER, 
President. 


The Commission’s questions concerning the resultant flow in the East river, as 
stated in Exhibit V, were answered by the Survey in a letter dated February 6, 1909, 
and given here as Exhibit VI. 


EXHIBIT VI 


WASHINGTON, D. C., February 6, 1909. 


Mr. GEeorGE A. SOPER, 
President, Metropolitan Sewerage Commission of New York. 


Sir: Your letter of the 21st ultimo, concerning the resultant flow in East river 
was duly received. 

Before going into numerical details, it may be noted that the current observa- 
tions mentioned in your letter, viz., those plotted upon p. 423, Report for 1886, and 
upon plate opposite p. 305, Report for 1887, were continued for too short a period to 
determine beyond question the net or resultant flow of East river. These plottings 
indicate the existence of irregularities, or non-periodic features, in the current while 
the observations were being taken. Upon the page referred to above in the Report for 
1886, the plotted curve shows that at Old Ferry Point the east-going stream is much 
stronger than the west-going, a fact which taken by itself would indicate a net dis- 
charge in the easterly direction (or into the Sound), instead of a westerly discharge. 
This will be partially offset by the fact that at Old Ferry Point the maximum velocity 
of the east-going stream occurs about an hour after the time of local low water and 
that of the west-going stream about an hour after the time of local high water. But 
it is quite doubtful if the excess in cross-section for the west-going stream over that 
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for the east-going stream would be sufficient to account for the observed excess of 
the eastward velocity over the westward velocity for the particular day of the 
observations. 

Further evidence that the eastward velocity at Old Ferry Point exceeds the west- 
ward can be seen upon consulting the curves plotted upon cross-section paper* from 
observations taken in August, 1885, and which are sent you herewith. 


RATIO OF CROSS SECTIONS FOR THE FLOOD AND EBB STREAMS AT THE 
HELL GATE. 


On p. 26 of the letter from this office dated August 14, 1908, it is pointed out 
that at hour V.3, or the time of the maximum velocity of the west-going stream, the 
depth of water in the Hell Gate is 1.646 feet more than its mean depth and at X13, or 
the time of the maximum velocity of the east-going stream it is 1.646 feet less than 
the mean. The mean depth is about 35 feet. 

It was also noted that the ratio of the ebb to the flood section could not be as 
35-+1.646 
35—1. 646 
actually compute this ratio. 

The ratio in question is 


Average value of cos (80¢—159°) [85+2.8 cos (380¢—105°) ] 
Average value of cos (80t—339°) [85-+2.8 cos (30¢—105°) ] 


where ¢, in the numerator, varies from V.8—3 to V.8+3 or 30¢ from 69° to 249°; and, 
in the denominator, from X1I.3—3 to XI.8-+3 or 30¢ from 249° to 429°—69°. 

2.8 is the amplitude (semirange) of the tide in the Hell Gate and III.5 the high 
water tidal hour; 105°=—30° XIIL.5. 

The above fraction may be written 


great as or 1.1, but would probably be about 1.05. It seems best to here 


e—=249° 
if cos (#—159°) (3542.8 cos (2—105°) da 


x00) 
C=69° 
cos (#—38839°) (35+2.8 cos (x—105°) da 
x=249° 


where # is written for 30¢. 
This equals 


e=249° 
7042.8 feos (#—159°) cos (wx—105°) da& 
G==69° 


x—69* 
70428 [eos (a—339°) cos («—105°) da 
x=249° 


e=249° 
70+2.8 [cos «x cos 159° cos 105°-++sin’ x sin 159° sin 105°—% sin 2 w sin 84°) d a@ 
x==09" 


x=69° 
70428 f (cos xv COS 839° cos 105°-+sin’ # sin 339° sin 105°+-1% sin 2 # sin 84°) da 
@==249° 


*Not reproduced. 
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e=249° 1 te 9 
70+2.8 fai eae 434616 ——— 49726 sin 2. #) da 























o x—69° - 
t—69° cos 2a+1 1—cos 2 
70-+2.8 [| (—.24163 saat — 34616 +4926 sin2a2) da 
ma 249° 
—9=249° 7 wing : ee 
70+2.8 | .24163 (= it 5) + 34616 ($- aie = re ) + 24868 cos 2 @ 
= —x=69° _ 
os —7=69° 7 ging mine: oe 
70—2.8 | .24163 (Sete +) +.34616 ($- —— ) + .24863 cos 2 @ 
—7=—=249° = 
Ei acd he as 
70+2.8| (.29390 a — 0.02613 sin 2 «-+.24863 cos 2 w) | 
ry —x=69° _ 
ay —r—69° =f 
70—2.8| (.29390 a — 0.02613 sin 2 #-+.24863 cos 2 @) | 
Ix ==249° aad 





T0—2.8X.29390 ™ —- 72.585 

~ 70+2.8X.29390 7 67.415 
This, then, is, by calculation, the ratio of the ebb-stream section to the flood- 
stream section at the Hell Gate when the entire tidal period is considered. If the 
flood and ebb streams were here equally strong it would indicate a westerly flow 
about 8 per cent. greater than the easterly flow. But the few observations which have 
been made in the immediate locality indicate that the east-going stream is greater 
than the west-going, and so it is not safe to infer from the above that the westerly 

discharge through the Hell Gate exceeds the easterly. 


THE LENGTH OF THE EAST RIVER AN IMPORTANT FACTOR 


Since the tidal rise and fall in the Upper Bay and in Long Island sound is nearly 
harmonic in time (7. ¢., it nearly obeys the law of sine or cosine of a time angle) and 
since the current in East river is nearly hydraulic, it follows that the velocity set up 
in East river, taken as a whole, should be the same upon the flood as upon the ebb. 
In other words, the difference in head will be the same in like phases of the two 
streams. But formula (3), p. 24,* shows that when resistance is taken into account, 
the velocity, where greatest, depends chiefly upon the fact that East river has con- 
siderable length; for, if its length were only a few hundred feet, the maximum 
velocity would be as indicated upon p. 25, viz., 16.63 feet per second. 

The following rough computation of the resistance will show that the denomin- 
ator in (2) or (3) is considerably greater than unity. | 

From Throgs Neck to the western side of Governor’s Island is 17 statute miles 
=89,760 feet. The average depth is about 40 feet. These estimates make 

fi== 89-760; * Tao? 
and so putting ¢’ — 0.007565, 


14+¢ ~ X L=1+0.007565 « 2244 


i tt 0 2560 
.. v = 16.638 + V2.70 = 16.63 & .6085 — 10.12 feet per second = 5.99 knots per 
hour. 


*Page 567, this report. 


578 DATA RELATING TO THE PROTECTION OF THE HARBOR 


This is not greatly in excess of actual ordinary maximum current in the Hell 
Gate. The above rough computation shows that the velocity is kept down to that 
actually occurring by the resistance due to the bed and banks of Hast river. The 
resistance occurs, of course, in varying amounts in different portions of the river. 
The computation is for a uniform channel. The actual channel would doubtless offer 
greater resistance than the one here assumed because of the bends and sudden 
changes in cross-section. 


IN THE WESTERN END OF EAST RIVER THE FLOOD STREAM HAS THE 
GREATER CROSS-SECTION, IN THE EASTERN END OF THIS RIVER, 
THE EBB OR WEST-GOING STREAM HAS THE GREATEST CROSS- 
SECTION. 


The Greenwich lunar times of high and low water (tidal hours) at Governor’s 
Island are XII.73 and VI.95, respectively, same quantities at Willet’s Point are II1.69 
and X.10. The time of the maximum east-going stream is X.5 at Throgs Neck and 
XII near the western side of Governor’s Island. But the time for greater portion of 
the river falls between XI and XI.5, and has been taken as XI.3. (See Figs. 11 and 
18, opp. p. 356, Coast and Geodetic Survey ange for 1907.) The times of the 
west-going stream are the above diminished by 6 hours. Hence, the maximum value 
of the west-going stream at Throgs Neck follows local high water by only IV.5—II1.69 
=0.8 hour. The maximum value of the east-going stream at Governor’s Island fOr Gas 
local high water by only XII.783—XII=0.7 hour. 

The streams thus attaining their maximum values at nearly the times of local 
high water, it follows that the west-going stream at Throgs Neck has a considerably 
greater cross-section than the east-going, while the reverse is true for the Governor’s 
Island end. 

The point in East River where the maximum streams occur at the time of local 
half-tide level is about the middle of Blackwell’s Island. Westward from this point 
the east-going stream has the greater cross-section and eastward from this point the 
reverse is the case. 

Currents observed at 21 stations where results are available between Blackwell’s 
Island Light and Throgs Neck show the westerly velocity to be only about 0.77 times 
the easterly velocity. The range of tide over this region being 6.8 feet and the depth 40, 
the ratio of sections will betpg a 0-84 This ratio compared with that obtained 
from observation indicates easterly resultant flow. The excess of the easterly over 
the westerly velocity is apparent upon consulting the blue prints* of the plotted ob- 
served velocities. 

Current observations taken between the southern end of Blackwell’s Island and 
Wallabout Bay show, on an average, no difference between the velocities of the east- 
going and west-going streams. At the middle of this reach the times of half-tide level 
are X.9 and IV.9. The times of the east-going and west-going streams are XI.3 and 
V.3 respectively. Hence, in this reach where the times of half-tide level about coin- 
cide with the times of maximum current (the locality therefore being one where the 
two streams have nearly equal cross-sections) the two streams have practically the 
same velocities. The observed velocity of the west-going stream comes out from 18 
stations as 1.00 times that of the east-going. This indicates that a trifle more water 
flows easterly than westerly. 


*Not reproduced. 
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Between the Brooklyn Bridge and Governor’s Island the velocity of west-going 
stream is for 17 stations 1.23 times that of the east-going. Little importance should 
be attached to this. It doubtless shows that portions of the fresh surface water of 
the Hudson are deflected to the eastward of Governor’s Island and pass out through 
Buttermilk Channel. 

The two stations near the northern end of Blackwell’s Island at which several 
days’ continuous observations were obtained, and for which blue prints are furnished, 
show the velocities of the two streams to be nearly-equal, the west-going stream being 
1.01 times the east-going. Taking 6 stations around Blackwell’s Island into consider- 
ation, this ratio becomes 1.03. Here the time of half-tide level almost exactly coin- 
cides with the time of the maximum flood or ebb current. This fact taken in con- 
nection with the current observations indicate that the volumes passing each way are 
sensibly equal, the west-going being 1.03 times the east-going. 


CONCLUSIONS 


It can hardly be said that our observations upon the currents indicate a net dis- 
charge in either direction through the Hell Gate. They indicate that, as a rule, the 
stream having the larger cross-section has the smaller velocity, and vice versa, thus 
leaving the question of the amount of net discharge uncertain. 

Mitchell in his early determination (Report for 1871, p. 181), gives for the vol- 
umes passing through East River at Wall Street section: Flood, 4,341,100,000 cubic 
feet; ebb, 4,383,500,000 cubic feet, or a difference of only 1 per cent. See also pp. 
168-173, Report for 1876. 

Observations indicate that for sections between Wallabout Bay and the southern 
extremity of Blackwell’s Island the flood volume is quite as great as the ebb volume 
(p. 8,* this letter). 

Observations taken between Blackwell’s Island light and Throgs Neck show that 
the flood stream is decidedly stronger than the ebb. A rough computation (p. 7,7 this 
letter), indicates when the cross-section of the two streams are compared there can 
hardly be a westerly net discharge through the East river. 

The observations around Blackwell’s Island, taken by themselves, indicate a small 
net westerly discharge, the west-going volume being about 1.03 times the east-going. It 
seems probable that this item is more important in deciding the question than any one 
of the others contained in this letter. 

On p. 422, Report for 1886, Mitchell says: “From Table 3, and the Diagram B 
that illustrates it, one may estimate for the point intermediate between 84th street 
and Polhemus Dock a difference of 314 feet between the stages of alternate maximum 
slopes, 1. e., there are 314 feet more water over the sill of Hell Gate when the western 
slope is at maximum than there is when the eastern slope is at maximum. We have 
reiterated the foregoing statement because it is the keynote of our theme and gives no 
uncertain sound.” 

But the flow through East river will not vary as the cross-section at Hell Gate of 
the flood or ebb stream. For it is evident from formula (3), p. 24, letter of Aug. 14, 
1908, that the smaller the section at this point, the other sections of the river remain- 
ing as before, the greater must be the velocity there, because /,, or the distance through 
the “gate,” is a small fraction of 12, J;, etc., the lengths of the other reaches of the 


*Page 577, this report. {Page 577, this report. tPage 567, this report. 
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river. As the third and subsequent terms of the denominator of (3) become the im- 
portant terms, the velocity v at the Hell Gate varies approximately inversely as 8, or 
the section at that place varies. But the cross-sections for the other and longer reaches, 
Qo, 8&3, ... are larger for one stream than for the other; formula (3) shows that, 
other things being equal, increases in such sections increase the velocity, v, through 
8,. By varying the cross-sections for the varying stages of the tide, and by giving 
them proper weights in the denominator of formula (3), it seems quite possible that 
the westward velocity through the Hell Gate may so fall short of the eastward velocity 
that the ebb volume shall exceed the flood volume by only a small amount, although 
the section of the former is 1.077 times that of the latter (p. 4, this letter). As already 
stated, observations seem to indicate that the ebb velocities here are somewhat less 
than the flood velocities. 
Attached are 8 blue prints and 1 plotting of current observations.* 


Respectfully yours, 
O. H. TITTMANN, 
Superintendent. 


*Not reproduced. 
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SECTION II 


CORRESPONDENCE RELATING TO NEW ESTIMATES OF THE FLOW OF 
THE EAST RIVER 


It having come to the knowledge of the Commission that extensive observations 
of the flow of the East river at Hell Gate had been made by the Engineer Depart- 
ment of the U. 8S. Army, a request for permission to utilize these data was made to 
Colonel William M. Black, under whose direction the observations had been prepared. 
The data had not hitherto been computed to show the total volume of water passing 
through the Lower East river, the object of the studies having covered another scope 
relating to the local improvements of the channels. The permission was granted and 
the Commission undertook to re-estimate the flow of water passing. The fundamental 
data consisted of a number of tide gauge records covering a long period of time and 
co-related in part with current observations extending over a briefer interval. When 
the computations were completed the result showed a considerable excess fiow of 


water southward through the East river. 


The matter was referred by the Commission to the Survey in a letter dated May 
138, 1918, with the request that the Survey give the estimate a critical examination 
and express an opinion as to the accuracy of the results. This letter is here given 
as Exhibit VII. 


EXHIBIT VII 


New York, May 13, 1913. 
Pror. O. H. TITTMANN, DIRECTOR, 
U. S. Coast & Geodetic Survey, 
Washington, D. C. 


DEAR Sir: Your attention is invited to the enclosed statement describing studies 
made partly by Colonel William M. Black, Corps of Engineers, U. S Army, and 
partly by this Commission, concerning the volumes of water passing through the 
East river in the vicinity of Hell Gate. A detailed account of the field and office 
methods used in obtaining these results will be found in Professional Memoirs, Corps 
of Engineers, U. S. A., for May-June, 1913. 

This Commission would value your critical examination of this study and an 
opinion as to the accuracy of the results. You will observe that the results appear to 
confirm the figures announced by Prof. Henry Mitchell in 1886, as a result of his 
studies, and that they do not agree either with the results of the investigations made 
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by the U. S. Coast Survey in 1908 and transmitted by the Survey in a statement to this 
Commission dated August 14, 1908, or with the results of the studies made by Mr. H. 
deB. Parsons of this Commission and described in the April number of the Proceed- 
ings of the American Society of Civil Engineers. 


Very sincerely, . 
GEORGE A. SOPER, 
President. 


The report on the computations prepared by Ernest F. Robinson, Assistant 
Engineer on the Commission’s staff, who collected the original data under the direction 
of Colonel Black, and later had charge of the computations for the Commission, dated 
May 1, 1913, is here given as Exhibit VIII. 


EXHIBIT VIII 
May 1, 19138. 


Dr. GEORGE A. SOPER, 
President, Metropolitan Sewerage Commission of New York. 


Dear Sir: I have the honor to report upon an investigation of the ebb excess flow 
in the East and Harlem rivers, New York harbor. 

The question of preponderance of flow towards New York bay from Long Island 
sound is a disputed one. It was first investigated by Henry Mitchell, assistant, U. S. 
Coast and Geodetic Survey, in 1886. In his report, he first demonstrated by the nature 
of the tidal phenomena at either entrance to the harbor, that such an excess should 
exist, then by field observations he established its magnitude, as about 400,000,000 
cubic feet in each tidal cycle of 12 lunar hours (12h. 25m. solar time). 

Since. the publication of this report there have been numerous discussions upon 
the subject, and the Coast Survey itself has rejected this figure as excessive, substi- 
tuting a value of *100,000,000 “or less” as the probable excess. Mr. H. deB. Par- 
sons, of the Metropolitan Sewerage Commission, recommends a figure of 80,000,000 
cubic feet (Proc. Am. Soc. C. E., April, 1918, page 715). It is significant, however, 
that of all these later estimates, not one is based upon actual field observations. 

Professor Mitchell’s theoretical demonstration was extremely simple, and admits 
no doubt that such excess must occur, leaving only a question as to its amount. The 
range of tide at Throgs Neck, the Long Island sound entrance to the harbor, is greater 
than that at Sandy Hook, the southern entrance. Furthermore, the tidal wave, in its 
passage through the sound, is delayed, so that high water occurs 314 hours later at 
Throgs Neck than at Sandy Hook. ; 

Owing to the difference of range, the tide at Sandy Hook does not rise as high as 
that at Throgs Neck, neither does it fall so low. The greatest difference of level, or 
slope, on the northbound tide, occurs about 114 hours before high water at Sandy 


SB as of Mr. F. W. Perkins, Acting Supt. to Dr. Soper, President Metropolitan Sewerage Commission, Aug. 14, 
08. 
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Hook, and on the southbound tide, 1 hour after high water at Throgs Neck. The 
heights at these times are as follows: 








Elevation Elevation : Mean 

Sandy Hook Throgs Neck Difference elevation 
Maximum slope north..................... +2.0 —3.4 5.4 —0.7 
DPARUTUIN GIODE SOUL os es cect cee ees —2.0 +3.4 5.4 +0.7 


At the time of greatest slope south, therefore, it is seen that, although the slope is 
the same, elevations throughout the East river are more than one foot higher than on 
the corresponding north slope. The southerly slope, therefore, having a deeper 
channel and consequently a greater hydraulic radius, must generate a higher velocity, 
and as this velocity acts through a larger cross-sectional area, the rate of discharge 
must be correspondingly increased. 

This difference of stage elevation, between slopes produced at. the times of 
northerly and southerly flow, holds in favor of the latter for the whole period of the 
southbound current, consequently the entire volume passed through the East river 
during this period must be in excess of that of the northerly flow. 

During 1910-1911 the Engineer Department, U. S. Army, made extensive field ob- 
servations in the vicinity of Hell Gate, under the direction of Col. W. M. Black, Corps 
of Engineers, U. S. Army, with a view to relieving the currents which impede navi- 
gation through this portion of the East river. These observations include very com- 
plete gaugings in the Harlem and East rivers and auxiliary channels, and an investi- 
gation of tidal phenomena in this vicinity. Through the courtesy of Colonel Black the 
records of these observations are placed at the disposal of this Commission, and form 
the basis of the present investigation. 

The flow in the East and Harlem rivers and the subsidiary channels is hydraulic; 
i. €., caused by the head or difference of level at either end. However, the application 
of the laws of stream flow to these channels is complicated by the constantly changing 
heads produced by the progress of the tidal wave. It is further complicated by the 
varying height of these waves caused by the ever-changing positions of the sun and 
moon with respect to the earth, by the interference of the tidal waves entering the 
East river by way of Sandy Hook and Throgs Neck, respectively, and by the varying 
levels of the Atlantic ocean and Long Island sound under wind action. 

Owing to these varying factors, discharge measurements taken in the same 
channel even on succeeding tidal cycles may differ widely, so that comparisons be- 
tween gaugings of different channels, unless made simultaneously, are absolutely 
unreliable. A combination of circumstances at the time of a gauging may so change 
conditions as to cause the entire disappearance of the net ebb flow, if such exists, or 
to reverse its direction. 

The simultaneous observations of current velocities at the required number of 
stations would have necessitated a larger party and equipment than was available, 
and, even had this been done, the results would have represented only one out of the 
many combinations of tidal conditions which may exist in this locality. The mean 
discharge for each channel, therefore, was adopted as the basis of comparison. 

Since the velocities and consequently the discharges result from the slope and 
stage, it may be assumed that similar tidal conditions as to the height and slope will 
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cause equal discharge rates. If, then, simultaneously with the gauging of a channel, the 
tidal heights at both ends be continuously observed, the resulting records will show the 
heads or slopes produced at each moment of the observation, as well as the discharge 
rates generated by these slopes. 

A relation may now be found between slope and discharge, which, if applied to 
a mean tide with its slopes, will give the mean tidal discharge of the channel. 
Velocity area observations are expensive and require great care if accurate results 
are to be obtained. Furthermore, they are constantly interrupted by traffic, and to 
continue them long enough to obtain a true mean discharge is clearly impracticable. 
On the other hand, observations for tidal height may be made continuously, accu- 
rately and inexpensively by automatic tide gauges, requiring little attention, and 
entirely independent of weather conditions. 

The period of observation is one period of the moon, twenty-nine days, or fifty- 
seven consecutive tidal cycles, and is known as a “lunation.” 

The construction of a mean tidal curve from the record of an automatic gauge is 
a matter of considerable labor, but comparative simplicity. The record is in the form 
of a long strip of paper on which the varying heights of tide are represented by the 
distances from the base line of a sinuous curve traced by the recording pencil. Time 
is measured at right angles to the height ordinates, or along the base line mentioned 
above. In the Stiehrle Gauge, which was used in these investigations, the scale is one 
inch equals one foot of height and one hour of time. At intervals of a day or two are 
entries upon the record of the correct time, made by the caretaker of the gauge in his 
visits. From these notes the time is corrected for the entire record, and the times of 
the successive lunar transits are marked. 


The exact time of high and low water is determined, the heights measured and 
tabulated in separate columns. The intervals between high and low water are then 
divided into six equal parts, representing, approximately, lunar hours, and the height 
of the curve is determined at each of these hours and tabulated, as explained for high 
and low water. The luni-tidal intervals, or the times elapsing between the moon’s 
transit and high and low water, respectively, are also determined and tabulated in 
separate columns. The mean of the fifty-seven items in each column determines the 
elements of the mean tidal curve; 7. e., the lunar times of high and low water, and 
the heights of the curve at. high and low water and at ten intermediate points. 


The study of the curve thus constructed shows, free from all irregularities, the 
characteristic tidal conditions of the station. A storm tide during the period of 
observation has no-appreciable effect upon the mean curve when averaged with so 
many other tides. The range of such a curve is found to be practically constant, as 
is also the shape of the curve, but the stage (—mean sea level) or elevation midway 
between high and low water, varies greatly at different seasons of the year, the dis- 
crepancy sometimes exceeding half a foot. The mean of all these stages, however, for 
a long period, is the plane of mean sea level, as established by the Coast Survey. 


Furthermore, mean curves obtained simultaneously lie at the same stage, although 
this stage may vary with the season. For purposes of comparison, therefore, it is - 
permissible to use mean curves obtained at different times, provided that they first be 
adjusted so as to bring their mean stage to the plane of mean sea level. 


If two such curves, say Lawrence Point and Hallet’s Point, be plotted upon the 
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same time ordinates, the difference of level between these points at any time is rep- 
resented by the vertical distance between the curves at that time. The discharge rate 
at this same time is known from the discharge curve. A relation between the two 
may now be found. 

It is clear that this relation must be shown in a manner entirely empirical. Con- 
fusing factors of changing head, etc., enter into the problem so as to make any mathe- 
matical determination based upon the laws of stream flow entirely out of the question. 

Moreover, in attempting to relate discharge to slope, it must be remembered that, 
in the case of immense volumes of water in motion, the laws of inertia and mo- 
mentum must exert a powerful influence. Changes must be brought about gradually, 
and existing conditions of flow may often be due to slopes which have changed or 
ceased to be. 

Slack water, or zero current, does not coincide with the time of crossing of the 
curves, or zero slope, but occurs some time later. In other words, the momentum of 
the moving water is sufficient to keep it in motion not only through the zero slope, 
but until a marked negative slope has accumulated. In the meantime, the water has 
been flowing against a head, or uphill. The effective head, therefore, becomes zero at 
slack water, and for a period before and after slack, the effective, rather than the 
actual head, must be considered. 

The effective head is greater than the actual before slack, owing to the 
momentum of the water, and, by reason of the inertia of the water on the change of 
tide, it lags behind the actual head for a considerable period after slack, until the 
velocity has picked up. 

The tidal head, corrected for momentum, is the varying factor in the discharge 
formula for a constant channel section, and may be used in a graphical diagram in 
place of the slope, which results from the head. The channel section, however, is not 
constant, varying with the stage of the tide, which is thus introduced as a new variable 
factor. Of a number of parallel slopes, that produced at the highest stages will gen- 
erate the greatest discharge rate. In the construction of a graphical diagram, there- 
fore, both slope and stage must be taken into account. 

From the field records, the discharge rate and the tidal heights at both ends of 
the channel are known. The difference between the two heights is the head. A dia- 
gram may now be constructed, with heads as ordinates and observed discharge rates 
as abscissas. At the intersection of the coérdinates representing observed head and 
simultaneous discharge rate, is written the actual tidal elevation at Lawrence Point, 
which, with the known slope, determines the stage throughout the channel. Simi- 
larly, points are plotted for each quarter hour, say, of the observation. Curves are 
then drawn through the points representing equal elevation at Lawrence Point, one 
for each even foot of the stage. Logarithmic plotting is employed, it having the great 
advantage for work of this character that the “curves” become straight lines and are 
parallel. 

To reverse the process and obtain from the diagram the discharge rate corre- 
sponding to given elevations at both ends of the channel, the procedure is as follows: 
Find upon the left-hand margin the difference of height, or head; follow the hori- 
zontal line through this point to the diagonal representing the tidal height at Law- 
rence Point; vertically above this intersection, on the upper margin, will be found 
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the required discharge rate. Separate diagrams are constructed for both the flood 
(north) and the ebb (south) flow. 

Four sets of such diagrams were constructed: For Hell Gate (Main Channel), 
Little Hell Gate, Harlem Kills, and the Harlem river (217th street), based upon con- 
tinuous current observations for three days (6 tidal cycles) at each point, excepting 
Hell Gate, where two cycles of 18 hours each were observed, upon a spring and a 
neap tide respectively. 

Having established a relation between slope, stage and discharge, it is now pos- 
sible to determine the mean discharge by means of the diagram, making use of the 
mean tidal curves of the channel in question. It only remains to assure ourselves 
that the curves actually represent mean conditions. Each curve is the mean of 57 
consecutive tidal cycles, or one period of the moon, in all its phases. Were the moon 
the only heavenly body to be considered, this period should yield a true mean curve. 
However, the sun, and, according to the Coast Survey, 34 other heavenly bodies, are 
considered in the compilation of their tide tables. 

Only the effect of the sun, however, need be considered here, as even its influence 
is less than half that of the moon, and the other elements do not enter with sufficient 
influence to merit consideration. The effect of the sun, in its varying distances from 
the earth, seems to result in a raising or lowering of the whole tidal curve, without 
altering its shape or range. Thus, if in any particular month the high waters are 
higher than in another, the low waters are correspondingly higher, and the stage is 
raised. A mean of the mid-stages for a solar period (one year) is the plane of mean 
sea level. Since the shape and range of one lunation (57 cycles) do not materially 
differ from those of any other, it may be considered that any good mean curve of a 
station for one lunation, with its mean height adjusted to the plane of mean sea level, 
represents mean conditions at that station sufficiently well for the purpose. | 

Again, for curves obtained simultaneously, the mean height is always the same, 
and any conditions which affect one, influence the other to the same extent. Wherever 
possible, the comparative curves used in this investigation are of simultaneous observa- 
tion, particularly for the main channel of Hell Gate, which carries the greatest flow, 
and is the predominant factor in the problem. ‘ 

From the mean tidal curves of Lawrence Point and Hallet’s Point, therefore, the 
heights at intervals of half an hour are measured, and from these the corresponding 
discharge rates are obtained from the discharge diagram. These rates are erected as 
ordinates to the “discharge curve,” whose abscissas are time and whose ordi- 
nates are rates of discharge. These ordinates are positive, or measured up from the 
horizontal axis, during the flood flow, and negative, or measured down, during the 
ebb flow. The curve passes through zero at slack water. 

The area lying between the curve and its horizontal axis, being the product of 
time by rate of discharge, represents the total volume discharged in one tide. Inte- 
grating this curve for Hell Gate, the volume discharged on a mean tide is found to be 
as follows: 


HELL GATE DISCHARGE 


Ebb (South) volume s2 3c. ,.6n eee ae ee 4,482,665,000 cu. ft. 
Flood (North). votume c. etis, sids-g ulten tem 4,221,170,000 “ 


Ebb ©0688. So nlesG otris: igs oad Vee ones 261,495,000 cu. ft. 
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From the observed data in Little Hell Gate, Harlem Kills and the Harlem river, 
mean tidal curves, discharge diagrams, and discharge curves were constructed for 
these channels. 


From the discharge curves were determined the total flood and ebb volumes in 
each of these channels for one tidal cycle. The ebb flow in all cases is the greater. 


LITTLE HELL GATE 


POMBO VCORE) dy Piet hie ota eieds Woe abi toe aak 326,588,700 cu. ft. 
PML CIBER Be css Scie oaks ghee oa, ee 183,747,900 “ 
REP MAMER UCR ect he Gib ae ee aa tf eee 142,840,800 cu. fe. 
HARLEM KILLS 
HDD Wiest) ic se cea aed ios Bea ct ena Rte ee me ree 113,059,170 cu. ft. 
Rm lori Tas ye Ayac’ 44s tn! acid ce we we ee 57,520,546 “ 
TEUOOKOERS ot eefas hrs Se. NG saath ee eee 55,538,624 cu. ft. 


HARLEM RIVER, 217TH STREET 


Bibra hinrth epee i os cA tht 252,366,000 cu. ft. 
POOR a OULN cree Sta Als Lee al acaraid sd cae kid bus wl 207,912,000 “ 
ELDER UCHA ites, & cen este te os os ae 44,454,000 cu. ft. 


In view of the generally accepted figures these values appear to be too large, but 
they must be regarded as the result of careful field work with observations extending 
over a period of two years, while other determinations are based upon theory alone. 

When one considers that in the Hell Gate channel alone the mean head for the 
duration of the ebb is 1.88 that of the flood, and that the sectional area at the strength 
of the ebb is 8 per cent. greater than the corresponding flood area, then the ebb excess 
of 6.2 per cent. of the flood volume does not seem unreasonable. Nor, in view of the 
excess of ebb area over flood at strength in Little Hell Gate and Harlem Kills, of 
57 per cent. and 105 per cent. respectively, does an excess of ebb flow nearly equal to 
the total flood volume appear absurd. The following table shows for each of these 
channels the increase of sectional area and of head both at the strength of the ebb 
and flood, and of a mean for the duration of flow. The ebb excess, as a percentage of 
the flood volume, is also tabulated. 


TABLE CX 

















: Little Harlem Harlem 
Ratios Hell Gate Hell Gate Kills river 


Ebb head to flood head at strength 


oe 2 06 on) sede 16 he 9! =e se 8! 6 


1.5 
Ebb head to flood head, mean for duration of flow........ 1.88 t 
Ebb area to flood area at strength...............3...000- 1.08 aay 2.05 
Ebb area to flood area, mean for duration of flow......... 1.03 
Net ebb excess to total flood volume.................... 06 
ATER) HOOG i sce nisin te rides Ae sea o eee in woe ae 1 


Of the flood volume in the East river, towards Long Island sound, a small portion 
enters from the Hudson river by way of Harlem river. This flow reaches the East 
river through Harlem Kills and Little Hell Gate, although the latter channel carries 
a small portion of the flow which comes up from the Lower East river. By far the 
greater part of this discharge, however, is through the main Hell Gate channel, be- 
tween Astoria, L. I., and Ward’s Island. On the ebb, Harlem Kills carries nearly half 
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the flow of the Harlem river, and Little Hell Gate carries an increased percentage of 
the flow of the Lower East river. 

The discharge of the Upper East river, north past Lawrence Point, is equal to 
the combined volumes from Hell Gate, Little Hell Gate and Harlem Kills. The dis- 
charge south is, in a like manner, equal to the combined ebb flow of these three 
channels. Past 88th street, north, the flow of the Lower East river is equal to that 
as found for the Upper East river, less that which enters from the Harlem river, which 
does not pass 88th street. The flow south past 88th street is equal to that south past 
Lawrence Point, less that which escapes through the Harlem, and which, therefore, 
does not pass 88th street. 

But at the commencement of the south flow, the water surface in the basin be- 
tween Lawrence Point and 88th street is nearly five feet higher than at its com- 
pletion. The water occupying this space, or the tidal prism, which was in place at 
the commencement of flow, and, therefore, did not enter past Lawrence Point, must 
have run out past 88th street, increasing this flow by the volume of the prism. How- 
ever, on the reverse current, this same amount will enter past 88th street and raise 
the water to its original height, but will not flow out past Lawrence Point. Hence 
the effect of this tidal prism will be to increase both the flood and ebb discharges 
past 88th street by an equal amount, leaving the net excess unchanged. 

The ebb excess for the Upper East river, therefore, is the combined excesses of 
Hell Gate, Little Hell Gate, and Harlem Kills, and for the Lower East river it is the 
same amount, diminished by the ebb excess of the Harlem river. 

The volumes of flow as determined for Hell Gate and the auxiliary ‘nme 
when combined in the manner indicated above, give the following results: 


Flood Ebb 

(Towards L. I. Sound) (Towards N. Y. Bay) 
Hell Gate (Main Channel)... .......... 4,221,170,000 cu. ft. 4,482,665,000 cu. ft. 
Little; Hell Gates Ritesh ae nee ete 183,747,900 “ 326,588,700 “ 
Harlem Hills: 1 ocue des eae nanos ooo 57,520,546 “ 113,059,170 “ 

Sums. Revd 14 Sco fi eres ees 4,462,438,446 cu. ft. 4,922,312,870 cu. ft. 

Total flood :-voltines).c5,.s:cean es . hala we il RR ee 4,462,438,446 “ 
Net ebb excess, Upper Mast river. -. eo... seeuk cee ese aldo ek 459,874,424 cu. ft. 
Net. ebb excess, Harlem rivet in os). .ac ts a eee eae eee er ete 44,454,000 “ 
Net ebb excess, Lower Hast river. >... ch ck bidet woes os ene viene 415,420,424 cu. ft. 


Professor Mitchell in 1886 obtained the following values: 


Net. ebb excess, Uppertiast river. 22 8. 4. ... ous eeu os ee eee eee 432,000,000 cu. ft. 
Net ebb excess, Lower Hast river. .70 02)... 62..5 osu ee eee 418,000,000 “ 
Difference (=Ebb excess, Harlem river)....................0-. 14,000,000 cu. ft. 


The net ebb excess of the Lower East river represents the amount of water dis- 
charged into New York bay by the East river in one tidal cycle, over that withdrawn 
in the same cycle, while the excess of the Upper East river represents the net gain 
to the whole harbor of clean sea water drawn from the sound. 

Respectfully submitted, 
E. F. ROBINSON, 
Assistant Engineer. 
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Under date of October 9, 1913, the reply of the Survey is given to the Commis- 
sion’s request for an opinion as to the accuracy of the re-estimation of the flow of 
water through the East river, based on Colonel Black’s data. This reply is here given 
as Exhibit IX. 


EXHIBIT IX 


October 9, 1918. 
Dr. GEORGE A. SOPER, 
President, Metropolitan Sewerage Commission, 
17 Battery Place, New York City. 


Sir: In compliance with your request originally made on May 18, 1913, that an 
exanination be made of a report by E. F. Robinson, Assistant Engineer, concerning 
the gauging of the tidal streams in the East and Harlem rivers, I submit the follow- 
ing remarks and criticisms. 

Replying first to the statement made upon pp. 1, 2 of this report, viz., “It is sig- 
nificant, however, that of all these later estimates, not one is based upon actual field 
observations,” it will probably suffice to refer to a letter from this office to Dr. Soper, 
dated Feb. 6, 1909, particularly, pp. 7-11. 

In this same letter a computation is made based upon the known depths and tides 
which shows (p. 4) that in the Hell Gate (near Frying Pan) the ratio of the ebb- 
stream section to the flood-stream section is about 1.077. But (see p. 10) it is not 
reasonable to suppose that this value represents the ratio of the ebb to the flood 
volume because such ratio must depend upon all sections of the East river between 
Governor’s Island and Lawrence Point.* In fact the few observations which have 
been made in this immediate locality indicate that the east-going stream is the 
stronger. The plottings sent with the letter of February 6, 1909, show clearly that 
off Old Ferry Point the velocity of the east-going stream exceeds that of the west- 
going. As a consequence the ratio must probably be reduced to a ratio nearer unity. 
Around Blackwell’s Island the ratio of the ebb-stream section to the flood-stream 
section is very nearly unity. The observed velocities at six stations around this island 
indicate that the required ratio for the tidal volumes is 1.03, which appears to be a 
reasonable value (p. 10). The ratio which Mr. Robinson’s figures give for a section 
somewhat further to the eastwafd is 448...~422...=1.06. Mlitchell’s values for a 
section off 19th street, probably based chiefly upon the observations taken in 1885 
(Coast Survey Report, p. 36, for 1886), give 445...+401...—1.11 as this ratio. The 
values of the excess of ebb over flood derived from observations taken off 19th street 
and off Old Ferry Point in 1885, and given upon p. 426, Coast Survey Report for 
1886, indicate that the ratio of the ebb volume to flood volume is somewhat less than 
1.11. The observations taken in 1886 (Oct. 4-7) were, of course, not included in 
Mitchell’s estimate dated June 25, 1886. The brevity of the 1885 and 1886 observa- 
tions taken in connection with the irregularities of the current as shown upon p. 423, 
Report for 1886, and opposite p. 305, Report for 1887, preclude the accurate deter- 
mination, from them alone, of the resultant flow, which is a comparatively small 
quantity.t 

*See also formula 3, p. 567, letter from this office to Dr. Soper, dated Aug. 14, 1908; also letter to Kenneth Allen, 


dated Sept. 30, 1908. 
{See pp, 575, 576, letter to Dr. Soper, Feb. 6, 1909. 
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Returning now to Mr. Robinson’s report, it will be noted (p. 10) that for his 
Main-Channel section (near Negro Point Bluff) the current observations comprised 
two periods of 13 hours each. As the observations do not accompany Mr. Robinson’s 
report, nor are they given in the more extended paper by Colonel Black (Professional 
Memoirs, Corps of Engineers, U. 8S. A., May-June, 1913), it is impossible to judge con- 
cerning the accuracy of the determination and especially in reference to the ebb excess, 
which is a comparatively small quantity. 

The computations and estimates which have been furnished by this office were 
made without especial reference to Little Hell Gate, Harlem Kills and Harlem river, 
as we possess very few observations made in these straits. 

On account of the shallowness of Little Hell Gate and of Harlem Kills, there 
can be no doubt but that the ebb excess through these two passages is considerable. 

From pp. 18, 14 of Mr. Robinson’s report the following values of ebb and flood 
volumes are taken: 


2 


LITTLE HELL GATE 


Ebb’ (West) 0c 2 eee ae 326,588,700 cu. ft. 
Flood (Bast) oc. 3.0 au ais ee ee ee ee ee 183,747,900 .“ 
Ebb bitcess. fo 9) ee 142,840,800 cu. ft. 


Ebb (West) $2) 2c 8 er eee 113,059,170 cu. ft. 
Flood (Bast) 2.2 ase oe eee 57,520,546 “ 
Ebb, ,excesa .7..<:4% ais atecae cae aan ee eae ee 55,538,624 cu. ft. 


HARLEM RIVER—217TH STREET 


EDD AN Orth} Socu ccc case cae cle ee cite en are 252,366,000 cu. ft. 
Flodd ‘(South ii. ieee . oe ee eee eine 207,912,000 “ 
Ebb- €xcess.... cae ave ces eres ee een aia S 44,454,000 cu. ft. 


If the Little Hell Gate and the Harlem Kills values be added together we have 


LITTLE HELL GATE AND HARLEM KILLS 


Ebb-CW est}s..2 240. nese oo.ete ak ee 439,647,870 cu. ft. 
FOO Clas) ost ain ccc ia Gere orcs a ae ee mcm 241,268,446 “ 
bb eXCC86. 2.2. 4.0 cles hee c ee ee ee 198,379,424 cu. ft. 


If these determinations are correct, it is a little surprising that of the 198,379,424 
cu. ft. excess from Little Hell Gate and Harlem Kills only 44,454,000 cu. ft., or less 
than one-fourth part, pass through the Harlem river to the Hudson, whereas consid- 
erably more than half of the ebb or flood volume passing these two straits passes 
through the Harlem river. 

The ebb or north-going volume of the Harlem river is undoubtedly greater than 
the flood or south-going volume because during the north-going stream the average 
depth of the river throughout practically its entire length is greater than during the 
south-going. : 

The ebb stream from Little Hell Gate entering the basin-like expanse around 
Great Mill Rock must lessen the fall or hydraulic head through the main channel, 
thus tending to decrease the ebb velocity occurring between Astoria and Ward’s 
Island, and at points further eastward. The flood velocity in the Hell Gate is like- 
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wise diminished by the existence of Little Hell Gate, but not to the same extent. 
This is probably one of the reasons why the velocity of the east-going stream in the 
main channel exceeds that of the west-going, a fact which most observations indicate. 

The chief reason for believing that the flood and ebb volumes are nearly equal 
for any given section of the East river from, say, Brooklyn Bridge to Lawrence Point 
(Little Hell Gate included) is that whereas the water is generally deeper on the ebb 
stream than on the flood for sections eastward and northward from Blackwell’s Island 
the reverse is true for sections to the southwestward. This has been already explained 
in the letter dated Feb. 6, 1909, pp. 6, et seq. 

In order to see that the flow depends upon a channel throughout its entire length, 
and not upon a particular constricted portion where the velocity is greatest, it is only 
necessary to note that if an obstruction like a dike or jetty were built out from either 
bank of a uniform channel of considerable length there reducing the cross-section to 
one-half of its value elsewhere along the channel, the amount of flow due to a given 
head and for a given period would not be seriously affected by such obstruction 
although the velocity for the particular cross-section would be doubled. 

In the case of the East river, and notably its eastern portion, the area of any 
particular cross-section varies as the tide there rises and falls. But it does not follow 
that the ratio between the ebb and flood volumes for this river will be that of the ebb 
and flood cross-sectional areas at the particular section taken; e. g., in the Hell Gate 
proper. The resistances of all portions of the river bed enter into the question of 
tidal volumes. (See letter dated Aug. 14, 1908, formula (3), p. 24;* and letter dated 
Feb. 6, 1909, pp. 10, 11.) 

In regard to the methods used by the Engineers in correlating the current obser- 
vations with the tidal records, and described in Colonel Black’s paper and also in Mr. 
Robinson’s report, a few statements may be submitted: 

If the relation between “difference of head” and “discharge” at a given section 
are to be represented by means of equidistant parallel straight lines drawn upon log- 
arithmic cross-section paper, the implied assumptions are: That the velocity at any 
particular time is proportional to some power (say the power 14) of the difference of 
head, and that the effective sectional area is the mean-half-tide-level section multi- 
plied by a factor whose logarithm is proportional to z,z denoting the ratio of the height 
of the tide reckoned from half-tide level to the depth at the time of half-tide level. 
This is nearly equivalent to saying that the factor should be proportional to 1+2 
since 

ate 
log (1+2)=M (@—5 + Bes =) 
=Mz 


when z is small in comparison with unity. That the factor should be of the form 
1+-z is a natural assumption and one which must be fairly good, especially when the 
banks of the stream between low and high-water marks are nearly vertical, the range 
of tide small in comparison with the depth, and the entire length of the strait connect- 
ing the two tidal bodies not long enough for the bed resistance to become too pro- 
nounced. For long straits, like the East river, the velocity depends upon the cross- 
section as well as upon the head, as formula 3, letter dated Aug. 14, 1908, shows. In 
the case of a long and nearly uniform canal the tendency is to approach a value of 
which one factor is the square root of the hydraulic mean depth (formulas of Prony, 


*Page 567, this report. 
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Etelwein, Tadini and others*), and so the discharge, corresponding to a given slope, 
must contain not only the factor 1+¢2 but ./1-+-2’ where 2’ is a fraction denoting the 
amount of hydraulic mean depth increase due to the stage of the tide, the latter being 
measured from half-tide level. 

That the relative velocities at a given section are proportional to the square root 
of the difference between two near-by heights, as is implied in the straight-line plottings 
on logarithmic cross-section paper, is probably nearly true, because the scheme of ob- 
serving does not contemplate the comparison of the velocities of one section with 
those of another. It is to be borne in mind, however, that the actual flow across any 
given section, or in any given reach, of East river is dependent upon all portions of 
the river from one end to the other. If the expansions and contractions of the 
channel are so gradual that no considerable energy is for that reason lost, the case is 
quite different from the case of a compound reservoir whose component parts are con- 
nected by means of small straits, and where most of the energy is lost. In this con- 
nection references may be made to pp. 258, 254 and 263, Coast and Geodetic Survey 
Report for 1907. 

It seems to be tolerably certain that more current observations should be made at 
the gauging section near Negro Point Bluff before the resultant discharge of East 
river can be determined with any considerable accuracy, and in accordance with the 
scheme outlined in Mr. Robinson’s report. 

So far as this question alone is concerned, matters would doubtless be simplified 
by selecting one or more gauging sections between, say, Hallett’s Cove and the Brook- 
lyn Bridge. 

In order to settle this question in as satisfactory a manner as possible, measure- 
ments should be made at times when there is comparatively little fresh water coming 
down the Hudson, and also at times when the amount is considerable. This would 
enable one to ascertain whether or not the fresh water coming through the Harlem 
has any sensible bearing upon the question of net discharge in lower East river. 


Respectfully, 
F. W. PERKINS, 
Acting Superintendent. 


The Survey’s answer states as tolerably certain that more current observations 
should be made before the resultant discharge of the East river can be determined with 
any considerable accuracy in accordance with the scheme submitted to the Survey for 
consideration. In the Survey’s opinion, in order to reply to this question satisfac- 
torily, measurements should be made at other times than those included in Colonel 
Black’s series, especially at times when there is comparatively little fresh water 
coming down the Hudson and times when the amount is considerable, the application 
to this point being to ascertain whether or not the fresh water coming through the 
Harlem has any sensible bearing upon the question of net discharge in the Lower East 
river. 


*See. Bovey’s Hydraulics, 2d ed, pp. 144-155 and Ch. III. 
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CONCLUSION 


The studies indicated in the foregoing correspondence show only a part of the 
investigations which have been made by the Commission into the tidal phenomena of 
New York harbor. Other work has consisted of various extensive series of long- 
continued float observations as described in part in the report of the Commission 
dated April 30, 1910, and more fully set forth in Chapter IV, Part IV of this report. 

Yor a year observations were made of the salinity of the water at 11 stations 
located in the more important parts of the harbor, the object of this work being to 
determine needed information on the circulation of the ocean and river waters. A 
brief description of the salinometer work will be found in the Commission’s report of 
April 30, 1910. The original data were too voluminous to print. 

The net result of all the tidal studies is in harmony with the opinions derived 
from the exhaustive analytical investigations of the water which the Commission has 
carried on. Every essential fact that has been capable of withstanding serious criti- 
cism indicates that the net or resultant flow seaward of water from the most congested 
parts of the harbor is small and not to be depended upon as a means of carrying the 
sewage of New York promptly to the open sea. The water oscillates under the tidal 
influences in such manner as to cause the sewage substances which are discharged 
into the Harlem, Lower East river and some other parts of the harbor to remain for 
long and indefinite periods. The disposal of the sewage, in so far as it disappears, is 
ascribable chiefly to natural assimilative processes which the Commission has described 


in its reports under the general title of Digestion. 
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SECTION III 


CORRESPONDENCE RELATING TO PROBABLE STABILITY OF AN 
ARTIFICIAL ISLAND 


When, during the course of the Commission’s ‘investigations, the opinion was 
reached that it would be desirable to carry a large quantity of sewage, estimated at 
about 200 million gallons per day, from the territory naturally tributary to the 
Lower East river out of that part of the harbor and discharge it at sea, the question 
of a suitable site for the outlet became of much interest. There were comparatively 
few points in the ocean close to it where the necessary island for the outfall works 
could be constructed. After considerable study, the Commission decided tentatively 
upon two alternate sites and submitted these positions to the Survey, with a request 
for an opinion as to the probable effect which the waves and currents in the vicinity 
might be expected to have upon the structure. The Commission’s letter to the Survey, 
dated November 27, 1912, describes the island proposed and the two alternative sites. 
The letter, which is marked Exhibit X, here follows: 


EXHIBIT X 


New York, November 27, 1912. 
O. H. TITTMANN, EsqQ., DIRECTOR, 
U. 8S. Coast & Geodetic Survey, 
Washington, D. C. 

DEAR Sir: We beg to ask you for information concerning the permanency of the 
natural configuration of Lower New York bay. This inquiry arises from projects 
being considered by this Commission for the location of a sewer outfall of large size 
on a sand reef near the 14-foot channel. 

We would like to know whether an island, say 50 acres in extent, would be per- 
manent, if constructed of sand enclosed within a rip-rap wall about 250 feet at bot- 
tom and 60 feet at top, the whole to be raised to a height of about 18 feet above low 
tide. The location would be north of the 14-foot channel, a little east of a line be- 
tween the Sandy Hook beacon and Coney Island light. 

We have supposed this location would be favorable to stability in spite of the 
heavy waves which might be expected from the ocean in some severe storms. The 
reef which is south and east of the point indicated should, we suppose, protect the 
structure to a considerable extent. 

Questions which we think should be considered in this connection are the velocity 
of currents and the movement of sand along the bottom under present conditions and 
under conditions which would occur after the island was constructed. The sewage 
would be discharged after treatment for the removal of impurities and should not be 
expected to produce deposits or materially alter the force and direction of the cur- 
rents of tidal water in the vicinity, although the volume of sewage would be large. 

Very sincerely, 
GEORGE A. SOPER, 
President. 
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Under date of March 31, 1918, the Survey transmitted certain material which re- 
lates to the inquiries contained in Exhibit X. Exhibit XI contains the Survey’s 
reply. It deals with the subject of currents, flow of water and winds in the Lower bay 
and with wave action, the movement of suspended matter, principles of breakwater de- 
Sign and with the probable permanency of the proposed structure. A large amount of 
material in tabular form relating chiefly to winds at the site of the island over a period 
of many years has been omitted from the exhibit because of the space required and as 


not indispensable to an understanding of the essential matters involved. 


EXHIBIT XI 
March 31, 1913. 


Matters Relating to the Permanency of the Natural Configuration of Lower New 
York Bay and the Stability of an Artificial Island. 


CURRENTS AT ENTRANCE TO LOWER NEw YorkK BAy 


The tidal currents over considerable portions of Sandy Hook bay, Raritan bay, 
Lower New York bay and Jamaica bay turn from flood to ebb or ebb to flood nearly 
simultaneously. Locations of comparatively early currents are, East coast of Sandy 
Hook, West coast of Sandy Hook, and Gravesend bay. The localities southwest, west 
and northwest from Coney Island light have comparatively late currents. Between 
Elm Tree beacon and Great Kills the currents are weak and do not turn simul- 
taneously. 

Between Sandy Hook and Coney Island the ordinary maximum velocity seldom 
reaches two knots per hour. These currents, although not strong, have an important 
influence upon the channels and shoals. 

For a map showing the times of maximum flood velocity in Lower New York bay 
and vicinity, see Fig. 12, opposite p. 256, Coast and Geodetic Survey Report for 1907. 

The accompanying table shows the results of current observations made in the 
vicinity of Fourteen Foot Channel and the accompanying blue print* shows their 
location. 

Proofs that between Coney Island and Sandy Hook the sand is moved by currents: 

1. The directions of the shoals and of the natural channels agree better with the 
directions of the current than with the direction of the prevailing wind. 

2. The currents here are sufficiently strong for driving sand along the bottom; 
that is, they exceed 0.4 knot at the times of ordinary maxima. 

3. The shoals and channels are here better differentiated than further eastward. 

The unusual depth in Rockaway Inlet is maintained by the action of the tidal 
current. The shoal to the west of this inlet is caused by the fact that the flood stream 
north of the western end of Rockaway Beach flows easterly, while the flood stream 
south of Coney Island flows westerly, the times of maximum velocity being nearly the 
same in the two localities. This necessitates a very small velocity between Rockaway 
Inlet and the eastern end of Coney Island. 


*Not reproduced. 
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RATE OF INFLUX INTO LOWER Bay, New YorkK 


The area here considered extends from a line joining the north angle of the fort 
upon Sandy Hook (about 830 feet east of Hook beacon) and “Continental Tower,’’* 
Coney Island, westward to sections at the Narrows, Tottenville, Sayreville and Shrews- 
bury river entrance. 


SANDY Hook SECTION 


The rate of influx across the Sandy Hook section was found by considering 16 par- 
tial sections, each 2325.2 feet in length, whose average depths were known and for 
which the current velocities were estimated from observations taken in the localities 
of each partial section. 

For a very broad section like that extending from Sandy Hook to Coney Island, 
mean velocities may be derived from surface velocities (or from velocities measured 
by floats extending well down into the water) by multiplying by the factor 0.9.+ 
Moreover, since on an average the streams do not cross the section exactly normally 
but 13° from a normal a further factor of cos 13° or 0.97487 has to be applied. 

The half-tide level depths and the velocities as ascertained from near-by observa- 
tions are as follows, beginning at the Coney Island end: 





Depth, Velocity, 

No. feet knots Product 
1 11 0.8 8.8 
2 23 1.6 36,8 
3 15 1.3 19.5 
4 12 1.2 14.4 
5 17 1.2 20.4 
6 18 1.4 25.2 
7 24 1.5 36.0 
8 17 1.7 28.9 
9 32 1.9 60.8 
10 20 1.3 26.0 

11 15 1.3 19.5 

12 26 1.4 36.4 

13 24 1.3 31.2 

14 27 1.2 32.4 

15 47 1.6 75.2 

16 12 1.5 18.0 

489.5 


This sum multiplied by 1.689 (the factor to convert velocities expressed in knots 
per hour into velocities expressed in feet per second), then by 2825.2 (the width of 
each partial section) and by 0.9 (the empirical factor to reduce to mean velocity) 
and by .974387 (because the flow is not exactly normal to the section), gives 


489.5 1.689 & 2325.2 0.9 > .97437—=1,685,812 


cubie feet per second which cross this section at the time of strength of flood or 
ebb. This multiplied by 14,233 gives 23,944,162,000 cubic feet as the tidal volume 
passing the section on a flood or ebb period of 6 lunar hours. 


*Should be ‘‘Centennial Tower.” E.F. R. 
tEncyclopxdia Britannica, Vol. 12, pp. 509, 510. 
Darcy and Bazin: Recherches Hydrauliques (Atlas), Plates 19-23. 
Merriman: A Treatise on Hydraulics, 4th Ed., Art. 113. 
Bovey: A Treatise on Hydraulics, 2d Ed., p. 259. 
Murphy: Accuracy of Stream Measurements, Water-Supply and Irrigation Paper No. 95, p. 138. 
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NEw YorK HARBOR, N. Y. 


TABLE CXII 


COMPUTATION OF FLOOD AND EBB VOLUMES, INCLUDING NON-TIDAL DISCHARGES 














Total flood Total ebb 
(1) (2) (6) (7) (8) (9) volume (11) volume 
(10) (12) 
C? C C 
A | © |A4/1S} cos (-S) |Ccos+ (-L)} (6) - (8)| (9) x 14283 (2) x 44714] (10) + (11) 
Sec/tion between |Sandy Hook |and Conley Island. 
January. . .|1685812) 22281) 1685660 1.5576 34705 1650955; 23498043000, 996256000) 24494299000 
February. . . 17449} 1685711 1.5604 27227 1658484) 23605203000) 780200000; 24885403000 
March..... . 63159} 1684632 1.5333 96842 1587790; 22599015000) 2824058000) 25423073000 
ADE ae sies i 65444) 1684531 1.5320 100260 1584271) 22548929000; 2926258000) 25475187000 
May..... . 33829) 1685475 1.5507 52459 1633016) 23242717000, 1512638000) 24755355000 
Juneze. een . 27476} 1685593 1.5545 42711 1642882) 23283140000) 1228568000) 24511708000 
AM Mei ise ont + 17624| 1685728 1.5604 27500 1658228) 23601559000) 788054000; 24389613000 
August ee 15734| 1685745 1.5615 24569 1661176) 23643518000; 703564000) 24347082000 
September 17895} 1685711 1.5602 37920 1657791] 23595339000; 800174000) 24395513000 
October . 24894) 1685626 1.5560 28735 1646891) 23440200000; 1113116000, 24553316000 
November. ry 23035) 1685643 1.5571 35868 1649775) 23481248000, 1029990000; 24511238000 
December.. s 29621) 1685559 1.5532 46007 1639552) 23335744000) 1324452000) 24660196000 
Mean..... sf 29870} 1685542 1.5531 46391 1639151) 23330036000) 1385556000; 24665592000 
*23322888000 *24658499000 
WINDS 


The accompanying tables and diagram; show the results of wind observations taken 
hourly on Ambrose Channel light vessel, No. 87, Lat. 40° 28’ (02’’), Long. 70° 50’ (01”) 
from November 5, 1912, to February 3, 1913. The velocities are expressed in statute miles 
per hour, and the directions are magnetic. On the diagram the heavy lines represent 
velocities in magnitude and in direction, the letters in the circumference of the circle 
showing the point of the compass from which the wind blows. The distance from the 
center of the diagram to the frequency curve represents, when scaled off according to the 
scale on the diagram, the number of days in the observation period of 91 days (24- 
hour periods), during which the wind was blowing from the direction specified in 
the circumference of the circle. 

The maximum velocity for each principal direction, as recorded during this period 
of 91 days, is given at the end of the table of hourly observations. 

The general direction of the wind for New York, Setauket and Asbury Park, 
taken from Prof. A. J. Henry’s Climatology of the United States is given in a separate 
table. It is probable that the Weather Bureau could furnish much additional informa- 
tion at these three places should it be wanted. 


*These values are the average for the flood and ebb volumes for the 12 months. | 
A = rate of maximum tidal flow through given cross-section (cubic feet per second). 


C = rate of run-off (cubic feet per second), Gis 
Total flood volume = 14233 x Ay 13 -C cos+ (C/A) 
“ebb “ = 14233 x { > . iy 


The angle whose cosine is C/A is expressed in radians. 
Not reproduced. 
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TABLE CXIII 


PREVAILING WINDS 


From Henry’s Climatology of the United States. 
Monthly, Seasonal and Annual Means. 














New York, N. Y. Setauket, N. Y. Asbury Park, N. J. 
Lat. 40° 43” N : Lat. 40° 57’ N. Lat. 40° 13’ N. 
Month Long. 74° 00’ W. Long. 73° 05’ W. Long. 74° 00’ W. 
Direction of Direction of Direction of 
prevailing wind prevailing wind prevailing wind 
ee ION Pe yoo Soin? 3 5 as hie w whesed NW. W. NW. 
STON 8 li On ea NW. W. NW. 
ary ete eh ES ete ce whok Calls ce dic NW. W. NW. 
NV SINETINICOT: fore toes ee hse mca eeu wee NW. W, NW. 
LEE 8 GS SR SR gee ee NW. W. NW. 
LES Gn gy i AG a NW. W. SE. 
May ERR Peer ee erro NW. W. SE. 
BUTINe Means stern’ . tease. Joa NW. W. SE. 
PUM oo ak | Oe ic reid Dats FS ewe SW. W. SE. 
RETIRE ee Aw Oe oc) oe tiated <ViRuecaboboinieinie dS SW. S. SE. 
LECT 5 5 Ue YO SRS em eC Sina) eee NW. S. SE. 
MOTO CED IVLCAN cats cial Sos cle ox oxta a wh @ SW. Ss. SE. 
MERRURNEROT SNe ivoire SiO a te NW. S. NE. 
RR om Ne eo eh oat iac be ple wok jaa o NW. NW. NE. 
Dr aRRTEROR SS IRS A Teteelc hae os N A tee oes NW W. NW. 
UP RLCAIS IEC oe ti. Nos te cies See tee cee NW NW NE. 
PURISMIRUED IT OYEY fala Any os bie he «ae as os oc NW. WwW BOE 


THE DIRECTION OF WAVE TRAVEL 


While we have no observations on this subject, the directions taken by Sandy 
‘Hook, Coney Island and Rockaway Beach show that the waves which produce the 
greatest littoral drift of sand or gravel are from the direction of the open ocean, not- 
withstanding the fact that the prevailing winds are westerly. 

For the three months during which winds were observed at Ambrose Channel 
light vessel (Nov., 1912, to Feb., 1913) there occurred no heavy easterly gale. 


DEPTH TO WHICH WAVE ACTION EXTENDS 


Wave action sufficient for preventing the rapid deposition of matter in suspen- 
sion may extend to considerable depths, possibly to the hundred-fathom line.* 

Wave action sufficient for agitating sand may extend to a depth of 75 to 90 feet. 
It is said that, off Nantucket Shoals where the depths are as above, sand is “fre- 
quently left on deck by a sea which has broken on board.”+ 

For Lake Superior the deposition of sand upon piers and breakwaters indicates a 
wave agitation down to 30 feet or more.t 

“At the harbor of refuge, Milwaukee Bay, Wis., it was found as a result of one 
winter’s experience that the limit of wave disturbance for half-ton stones was about 
13 feet below the water surface, and for stones of 250 pounds more than 20 feet, the 
depth of the water being about 30 to 35 feet.” § 


*Vaughan Cornish: Waves of the Sea and Other Water Waves, Ch. V. 
{Capt. D. D. Gaillard: Wave Action in Relation to Engineering Structures, p. 138. 
tIbid., p. 142. §Ibid., p. 140. 
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DEPTH AT WHICH WAVES BREAK 


Waves coming from deeper 
water usually break when the un- 
disturbed depth is reduced to about 
the height of the wave from trough 
to crest. The ratio depth ~ height 
is generally somewhat greater than 
unity. For an on-shore wind this 
ratio is greater than for an off- 
shore wind. 

The following are a few refer- 
ences to this subject: 

Capt. D. D. Gaillard: Wave 
Action in Relation to Engineering 
Structures, Ch. VII. 

Vaughan Cornish: Waves of 
the Sea and Other Water Waves 
(English Edition, 1910), pp. 166- 
175. 


W. H. Wheeler: A Practical Manual of Tides and Waves, pp. 122-124. 


COASTLINE AND DEPTH CHANGES 


The following are a few references to matter which relates to changes in coast- 
line and depth in Lower New York bay and vicinity: 


General for Lower Bay 


Appendix No. 11, Report for 1895 gives a list of original topographic and hydro- 


graphic sheets. 


These sheets can be consulted at this office. 


Various editions of Chart No. 369, particularly the editions of 1844-45, 1857, 


1874, 1889, 1905, and latest edition 
1912. See the accompanying phota- 
stat copies.* The plane of refer- 
ence used in the 1844-45 edition 
was about low water springs; this 
plane as then determined at Sandy 
Hook was 0.8 foot lower than the 
plane of mean low water. 


Rockaway Inlet 


Report of the Jamaica Bay Im- 
provement Commission (1907), 
Plates I and II. 


Sandy Hook 


Coast Survey Report, 1854, 
Sketch 93. 
*See Figs. 31-35. 
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Coast Survey Report, 1856, 
pp. 263-4. 

Coast Survey Report, 1873, 
Sketch, p. 110. 

Lt. C. H. Davis: A memoir 
upon the geological action of the 
tidal and other currents of the 
ocean, text and Plate 3. Mem. of 
the Am. Acad. of Arts and. Sci., 
Vol. IV (1849). 





MATTER IN SUSPENSION 


From the table giving the flood 
and ebb discharge across the Sandy 
Hook to Coney Island section, it 
can be readily inferred that matter 
in suspension will be gradually 
carried seaward unless deposition 
should occur. This is prevented by 
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the wave agitation common to this and similar localities. 
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FIG. 33—1889 


That such matter is not ex- 


tensively or permanently deposited can be seen from the character of the bottom, which 
in no case is marked upon the charts as being covered with a layer of mud. 

Further inland where the waters are more protected, as in Raritan Bay and near 
the coast of Staten Island, the bottom is more or less muddy. 


ACCUMULATION OF SAND AT THE ENDS OF THE ISLAND 


The effect of an obstruction like the proposed island upon the deposition or 
rather the accumulation of matter is somewhat problematic. 
It is reasonable to suppose that sand will accumulate at both the inner and outer 
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FIG. 34—1912 





(1. e., westerly and easterly) ends 
of the island whichever of the two 
suggested positions may be chosen, 
but that the tendency to accumu- 
late will be greater at the inner 
end than at the outer. The accu- 
mulation would probably be less 
for the position near the Fourteen 
Foot Channel than for the posi- 
tion further east, because of the 
rather swift currents occurring in 
this channel. 


That sand will accumulate at 


‘the inner (western) and outer 


(eastern) ends of the island, there 
is probably no doubt. The amount 
will be greater at the inner end 
than at the outer, because the lat- 
ter is more exposed to wave action. 
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In fact, during such storms as may give rise to violent 
wave action, a considerable portion of the sand accumu- 
lation at the exposed end of the island may be removed. 
How far below the low water line such action may leave 
the wall of the island free from sand is uncertain. 

The currents in the Fourteen Foot Channel are of 
sufficient strength for dissipating any accumulation of 
sand which may tend to take place at points within their 
reach. 

The following references may be of some interest 
in connection with this topic: 

Vaughan Cornish: Waves of the Sea and Other 

FIG. 35—1913 Water Waves (1910), Ch. V. 
Lt. C. H. Davis: Memoir upon the Geological 
Action of Tidal and Other Currents of the Ocean. Mem. Am. Acad. Arts and Sci. Vol. 
IV (1849). 





SUGGESTIONS CONCERNING THE LOCATION OF THE ISLAND 


The more westerly of the two indicated locations has the advantage of being pro- 
tected by a stretch of shallow water lying southeastward of Fourteen Foot Channel. 
This, acting as a submerged breakwater, will greatly reduce the size of the waves. On 
the other hand, the proximity to Fourteen Foot Channel is objectionable because the: 
tendency of the currents in this channel, taken in connection with the wash of the 
waves, might be to undermine the mound or wall surrounding the island unless the 
foundations were carried down to a depth of about 35 feet below mean low water, or 
the depth of the channel. By placing the island further from this channel, say a dis- 
tance equivalent to the indicated width of the island, there seems to be no reason 
why this objection would not be overcome in a satisfactory manner. A comparison 
of the soundings at and near the point whose position according to a recent chart is 
40° 32' N. and 74° 00’ W., indicates that the northern edge of this channel has moved 
southward rather than northward since the surveys underlying the 1844 edition of 
chart No. 369 were made. The longitudes on this chart are reckoned from the City 
Hall, New York. On recent editions of this chart, a depth of 36 feet below mean low 
water occurs near the above-mentioned point. On the 1844 edition the greatest depth 
shown is 30 feet below low water springs, which in this case signifies about 31 feet 
below mean low water. In other words, the channel has near this point become deeper 
by 5 feet. (It may be noted that the 1844 edition shows a patch marked “Dry at low 
water” lying about one nautical mile north of this point. Recent editions show the 
least depth to be 3 feet below mean low water. ) 

The principal objection to the more easterly one of the two suggested locations 
is, of course, the exposure to wave action from the southeast. 


BREAKWATER DESIGNING 


The following are a few references to breakwater designing and similar matters: 

Brysson Cunningham: A Treatise on the Principles and Practice of Harbour En- 
gineering, Ch. VI. London, 1908. 

Thomas Stevenson: The Design and Construction of Harbors, Ch. VI. Edin- 
burgh, 1886. 
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De Cordemoy: Ports Maritimes, Ch. XXXI. Paris, 1908. 

Law and Burnell: The Rudiments of Civil Engineering, Ch. VII. London, 1882. 

Thomas Stevenson in Ency. Brit., 9th Ed. Article “Harbours.” 

International Engineering Congress, 1904. Trans. Am. Soc. of Civil Engineers, 
Vol. 54, Part A (1905). Papers Nos. 6-15 and discussion, pp. 137-451. In particular, 
Paper No. 12, Harbors on Lakes Erie and Ontario; Paper No. 13, Harbors on Lake 
Superior, particularly Duluth-Superior Harbor; Paper No. 14, Seacoast Harbors in 
the United States; Paper No. 15, The Delaware, Sandy Bay and San Pedro Break- 
waters. 

Louis Y. Schermerhorn: Breakwater Construction of the American Coast. Pro- 
ceedings of the Engineers’ Club of Philadelphia, Vol. 14 (1897), pp. 205-228. 

Emil Low: The Breakwater at Buffalo, N. Y. Trans. Am. Soc. of Civil Engineers, 
Vol. 52 (1904), pp. 73-214. 

The Sandy Bay Breakwater, National Harbor of Refuge, Cape Ann, Mass. shee 
News, Vol. 55 (1906), pp. 258, 259. 

Proposed Improvements of the Southwest Pass at the Mouth of the Migsiecel, 
Eng. News, Vol. 43 (1900), pp. 117, 118. 

William Starling: The Improvement of the South Pass of the Mississippi River. 
Eng. News, Vol. 44 (1900), pp. 121-125. 

William Starling: The Projected Improvement of the Southw ext Pass. Eng. News, 
Vol. 44 (1900), pp. 222-229. 

Examination and Survey of St. Johns River, Florida. House of Representatives, 
Doc. No. 611, 61st Cong., 2d Session. 

Maj. J. C. Post: Improvement of Willamette and Lower Columbia Rivers and 
Their Tributaries. Ann. Report of the Chief of Engineers, U. S. Army, 1895, Pt. 5, 
App. UU, pp. 3551-3608. 

B. S. White: Breakwaters and Plans for Breakwater Extension at Agate Bay, 
Two Harbors, Minn. Journal of the Association of Engineering Societies, Vol. 28 
(1902), pp. 171-194. 

Max E. Schmidt: The South Pass Jetties. Transactions of the American Society 
of Civil Engineers, Vol. VIII (1879), pp. 189-226. 


PERMANENCY OF A PROPOSED ISLAND 


The island in question is supposed to contain about 50 acres, to be constructed 
of sand enclosed within a riprap wall about 250 feet wide at the bottom and 60 feet at 
the top; and to reach a height about 18 feet above low water. Its location is supposed 
to be one of the two shown upon the accompanying blue-print.* : 

Of course, it may be said in advance that the stability will depend upon the size 
of the blocks of stone constituting the riprap and upon what slopes are given to the 
outer or water faces of the wall or mound. Both of these items, and especially the 
first, would have to be more definitely specified before any positive answer could be 
given. 

The depths at and near the proposed location of the island are generally less 
than 16 feet, and so there is no doubt about wave agitation extending to the bottom 
at times when the waves coming in from the ocean reach considerable size. Because 
the depth of water is considerably less than the lengths of such waves, these do, in 
a measure, lose the character of deep-water waves and begin to resemble long waves 


*Not reproduced. 
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or waves whose horizontal motion is alike from top to bottom. Consequently, there 
is no plane or depth of “rest,” say 15 feet below mean low water. Such a plane is 
often found convenient in breakwater design where the depths are greater than those 
now under consideration. Between this plane and low water the slope of the seaward- 
face is frequently taken as about 1 on 3; below this plane the rubble mound may be 
built to a steeper slope, thus leading to an economy of material. In the present case 
it would seem to be best to have the same slope, say, 1 on 3 or 1 on 2%, from low 
water level down to the bottom. Moreover, the slope should be faced all the way down 
with rather large revetment stones. Those used in the Buffalo breakwater weighed 
about 614 tons each.* 

There seems to be no reason why the slope of the interior face may not be quite 
steep, say, 1 on 1, or 1 on 114, from the bottom up to mean low water. Above this 
plane the slope might be even steeper than 1 on 1. 

On the outer or exterior face, the greatest effect of wave action would doubtless 
occur at and above the low water level. From this plane up to the top of the struc- 
ture, the steepness is usually greatly increased, thus making a saving of material. 
At the same time, stones of comparatively large dimensions are required in order to 
withstand wave action. Too great steepening, however, would cause an increase in 
wave action on the riprap wall just below the line where such increase in steepness 
begins. For in the case of a sea-wall built upon a rubble mound, it has been found 
that the rubble near the wall is rapidly worn away by the waves.y} 

The breakwaters at Buffalo,t National Harbor of Refuge in Delaware Bay,§ and 
at Sandy Bay,|| seem to constitute the best examples for the case under consideration. 

The works of Cunningham, Stevenson, Law and Burnell, and Gaillard already 
mentioned by title, give numerous illustrations of the destructive effects of waves 
upon structures composed wholly or partially of rubble work. 

A profile of the jetty at the mouth of the Columbia River shows the amount of 
rock washed away from October to December, 1893.] 

The following quotations are added as having an important bearing upon this 
mode of construction. 

“The disturbing influence of waves is most keenly felt between the levels of high 
and low water, and it is in this region that the most trying ordeals of a breakwater 
are experienced. A difficulty underlying the situation is that in proportion as the 
slope is flattened to maintain its equilibrium, the disruptive effort of the wave is 
fostered and increased. Hence the introduction of huge blocks and monoliths to 
withstand impact. These blocks, which rarely weigh less than 25 or 30 tons apiece, 
and often considerably more, may be deposited either in courses or at random. In 
the former case, they may be stepped so as to form a general inclination of 1 to 1; 
but if deposited at random, a flatter slope will be necessary. 

“The blocks, when artificial, are generally made in the form of rectangular solids; 
parallelopipeds in preference to cubes; and they should be laid as headers—that is, 


*Emile Low, I. c., p. 133. 

tLaw and Burnell, p c., pp. 392, 393 and 397. 

tEmile Low, 1. ¢. 
§Louis Y. Schermerhorn, I. c., p. 219. 

International Engineering Congress, 1904, Paper No. 15. 
ee News, Vol. 55 (1906), pp. 258, 259. 
Louis Y. Schermerhorn, 1. c., p. 213. 

International Engineering Congress, 1904, Paper No. 15. 

Maj. J. C. Post, 1. c., opp. p. 3560. 

See also Paper No. 14, p. 316, International Engineering Congress. 
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with their ends facing the line of wave action. In this way the minimum face area 
is exposed to the stroke, and there is the maximum resistance to overturning. 

“Natural blocks are heavier per unit volume than the majority of artificial blocks, 
and, for this reason, have claims to preference. They are also less liable to disin- 
tegration, but they are difficult to procure economically to large dimensions, and 
their irregular shapes render it impossible to bed them systematically. They have a 
tendency, also, towards becoming rounded like boulders, and this does not improve 
their steadiness in situ.”* 

“Breakwaters built of rubble, although expensive in upkeep, are suitable for very 
sheltered sites in shallow water, provided good and cheap material is procurable. 
This type is not affected by the muddy or soft nature of the sea bottom. 

“When the structure is exposed to very heavy seas, the rubble type of mole can 
still be adopted, under the conditions mentioned above, provided a revetment of con- 
crete blocks is added outside down to a certain depth. The method of depositing 
these blocks at random appears the best as regards resistance and maintenance, on 
condition that the profile of the protected slope is so designed that it will shear the 
waves at sea-level. On the other hand, the method of setting the blocks in regular 
courses offers serious objections, as they are liable to be disturbed by the settlement 
of the rubble base and to be completely destroyed during gales, and, in any case, they 
cannot be maintained in good condition without abandoning the principle of the sys- 
tem itself. 

“Breakwaters with a rubble hearting and a double revetment of protecting 
blocks, laid in regular courses, are not at all reliable in very heavy seas, but they can 
render very useful service in sheltered sites and in waters of moderate depth, espe- 
cially if the works are not of very great importance. 

“Breakwaters with vertical, or almost vertical sides, are very suitable for mod- 
erate depths and hard sea-beds, where there is no fear of the undermining effect of the 
backwash and currents. They are very expensive and consequently inapplicable to 
unimportant works. 

“The composite type of breakwater, consisting of a base formed by a loose rubble 
mound, surmounted by a vertical superstructure, is peculiarly suitable for tidal seas 
and for seas with a slight tidal rise and fall, provided the water in that case be very 
deep. In the case of tidal seas, there is no objection to stopping the superstructure 
at low water level.+ ; 

“A very obvious and very important point regarding the stability of such a struc- 
ture as a breakwater has reference to the depth below low water at which the waves 
cease to exert any considerable impact upon the materials on which the superstruc- 
ture rests. It was found at Wick that the very anomalous waves which assailed that 
work did not disturb any of the rubble base at a lower depth than 18 feet under low 
water. I am therefore of opinion that a level of from 18 to 20 feet below low water 
may be safely assumed as that of practical stability. I conceive that the safest and 
most economic profile of construction is, as is shown in Fig. 15, a mass consisting of 
large rubble extending to within 20 feet of low water; when the base has been 
brought up to this level, blocks of concrete, weighing from 100 to 200 tons, should 
be deposited on the top and outer or seaward surface of the rubble base, till they come 
above low-water level. Betwixt the spaces, at the top of these blocks, bags of con- 
crete should be placed so as to form a level platform above low-water level. Upon 


*Cunningham, I. c., pp. 136, 137. 
tQuoted by Cunningham, I. c., pp. 140, 141. 
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this a solid mass of concrete in situ, should extend from end to end of the break- 
water, which should not be less than 10 feet above high water, and about 45 feet in 
breadth. A structure designed on these principles will, I think, be found able to 
resist the force of the sea in any situation, provided the sea slope be of sufficient 
extent. The design shown in Fig. 15 is that proposed by Messrs. Stevenson for the 
harbor of refuge at Peterhead. . 


“Level of Conservation of Rubble.-—If we further keep in view that any settle- 
ment of the foundation is far more perilous to a vertical than to a sloping wall, there © 
seems good ground for believing that the ordinary method of forming the low-water 
parts of deep harbors of large masses of rubble stone or of concrete blocks, is, in most 
circumstances, the best and cheapest kind of construction when a vertical wall is to 
adopted. Loose rubble or blocks of concrete, after being acted upon by the waves, 
are less liable to sink, or to be underwashed, than when a vertical wall is founded 
upon a soft bottom. Loose concrete blocks above low water form an excellent pro- 
tection to the upright wall. Two precautions should, however, be kept in view: Furst, 
the wall should be founded at a sufficiently low level to prevent underwashing. A 
depth of from 12 to 15 feet under low water was pointed out by the late Mr. J. M. 
Rendel as the level below which the waves did little or no damage to pierres perdues. 
Sir John Rennie indeed considered that there was little or no effect at a fathom and 
a half.* No works executed at an earlier date than those at Wick had been founded 
at a lower level than 12 feet; but at Pulteneytown, where the rubble is more exposed 
than at any other harbor, Messrs. Stevenson, as already stated, considered it advis- 
able to found the wall 18 feet below low water, and the rubble was moved down to 18, 
and at Alderney to 20, feet below low water. Secondly, in all cases where the struc- 
ture is to act simply as a breakwater, and not as a pier, there should be no parapet, 
the want of which relieves the foundation, as was observed by Mr. D. Stevenson at a 
harbor work where a breach had been made.”+ 

“Jetties entirely in loose rubble work are principally constructed for the pur- 
pose of destroying the force of the waves without its being intended to make them 
serve for the purpose of assisting the maneuvers of vessels entering or departing. 
Such a mode of construction may be advisable when the rough materials are easily 
procured, and when skilled labor is exorbitantly dear; but, as a general rule, it will 
be found that the ultimate expense of the maintenance of such works will more than 
counterbalance any economy in the original outlay.” t ; 

*Min. Civ. Eng., Vol. VI, p. 122. 


+Thomas Stevenson, l. c., pp. 98-100. 
tLaw and Burnell, 1. c., pp. 425, 426. © 


CHAPTER VI 


DIGESTION OF SEWAGE BY THE HARBOR WATER AND THE EX- 
HAUSTION OF DISSOLVED OXYGEN, WITH TABLES OF 
OXYGEN AND OTHER CHEMICAL RESULTS 


SECTION I 
| ANALYTICAL WORK RELATING TO NEW YORK HARBOR 


In the present chapter the principal analytical work done by the Commission in 
its studies of New York harbor and not hitherto published, is described. Upon the 
reorganization of the Commission in 1908 a compilation was made of all the analyt- 
ical data available up to that time concerning the condition of the harbor waters, and 
a summary of the results was published by the Commission under the title of “Digest 
of Data Collected Before the Year 1908 Relating to the Sanitary Condition of New 
York Harbor.” The most extensive part of the data contained in the digest repre- 
sented the work done by the New York Bay Pollution Commission in 1904 and 1906. 
Bacterial and chemical analyses were made by the Pollution Commission and had been 
published in that Commission’s report to the Governor of the State of New York, March 
31, 1905, and April 80, 1906. The total number of samples analyzed was about 165. 

The Digest of Data described the investigations made by the Metropolitan Sewer- 
age Commission in 1907, these including the only analytical results made by this 
Commission until 1909. The results included determinations of numbers of bacteria 
in the water and in solid matter at the bottom of the harbor, presumptive tests for the 
eolon bacillus and results of chemical analyses of the water. There were 755 samples 
of water in which the numbers of bacteria were determined. There were 705 samples 
of solid matter analyzed for bacteria and 322 presumptive tests made. There were 
47 samples analyzed for ammonia. Other chemical tests included free and albuminoid 
ammonia, chlorine and loss on ignition. Color and turbidity tests were made on about 
900 samples. 

The Digest described brief investigations made by the Department of Water 
Supply, Gas and Electricity in 1904 and 1905 to determine points along the water 
front at which to locate intakes for the auxiliary fire service. In these studies, 383 
samples were collected and analyzed for numbers of bacteria, B. coli, free ammonia, 
albuminoid ammonia, nitrites, nitrates and chlorine. 

Investigations of the water of the Lower Hudson river were made in 1903 by 
Whipple in connection with studies for an additional drinking water supply for the 
City of New York. The data collected which were capable of showing the sanitary con- 
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dition of New York harbor was small. The results were discussed in the Digest issued 
by the Sewerage Commission. 

Finally, the Digest contained a summary of the investigations of the condition of 
the Passaic river conducted by Hazen and Whipple in 1906. This report was re- 
stricted in scope and contained little information relating to New York harbor. 

A large part of the analytical work done by the Metropolitan Sewerage Commis- 
sion since 1908 has been performed with the oxygen test. The method of making this 
test and the results obtained have been described in the Commission’s reports, always, 
however, with the form of apparatus originally employed. The method with the ap- 
paratus used up to May, 1912, is best shown in the report of the Commission for 
August, 1912, Part III, Chapter III, pp. 298-306. The old apparatus is shown in Fig. 
85, p. 305, of the report cited. The new apparatus, known as the 
Soper Oxygen Bottle, from having been devised by the President of 
the Commission, is shown in Fig. 36 of this report. 

This apparatus consists of a bottle, usually of about 500 c.c. 
capacity, with a long funnel-shaped lip. A stopper which is convex 
at the bottom fits accurately into the neck and when in place per- 


NP 84 | mits about 15 ce. of liquid to stand in the funnel without overflow- 
eects optics ing. The capacity of the bottle is accurately determined with the 


stopper in place. 





In use the bottle is filled to the beginning of the funnel with 


HG a the water to be examined and the stopper is set down in place. The 


excess of water which rises in the funnel is poured off. The stop- 
FR Ss per is removed and to the bottle of about 500 c.c. capacity, 6 ¢.c. of 


a standard solution of ferrous sulphate are delivered by a pipette 
to the bottom of the bottle where it remains unless the bottle is agitated. The stopper 
is replaced and the water which rises in the funnel is poured off. Five c.c. of sodium 
carbonate solution (200 grams per liter of water) are then poured into the funnel. 
The stopper is cautiously raised sufficiently to allow the heavy alkali to sink through 
the water to the bottom of the bottle, where the reaction producing a heavy precipitate 
begins. The stopper is set back in place, the water in the funnel is poured off and the 
bottle is shaken until the free oxygen is entirely absorbed. Ten c.c. of a 50 per cent. 
solution of sulphuric acid is poured into the funnel and the stopper raised sufficiently 
to permit the heavy acid to diffuse, discoloring and permitting the contents of the 
bottle to be titrated. Finally, the contents are poured into an Erlenmeyer flask and 
titrated with permanganate of potash, each c.c. of which represents 1 c.c. of oxygen. 


A blank determination is made whenever the water contains much organic matter 
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or sodium chloride. The same steps are followed in making the blank as in making 
the analysis except that the sodium carbonate is omitted. The difference between the 
permanganate required by the blank and that absorbed in the actual analysis represents 
the dissolved oxygen present. 

The purpose of this apparatus is to permit of the addition of reagents to the bottle 
without exposing the contents to the air. 

The reagents used are as follows: 

Standard Ferrous Sulphate. This is prepared by dissolving 144 grams of Kahl- 
baum’s crystallized ferrous sulphate in water, adding 15 cubic centimeters of concen- 
trated sulphuric acid and diluting the whole to 3 liters. 

Standard Sodium Carbonate. Prepared by dissolving 200 grams of sodium car- 
bonate crystals in 1 liter of water. 

Standard Sulphuric Acid. Prepared by mixing equal parts of concentrated sul- 
phuric acid and water. 

Standard Potassium Permanganate. Prepared by dissolving 25.4 grams of potas- 
sium permanganate in water and diluting to 4.5 liters. This reagent is standardized 
against especially prepared Mohr’s salt. 

The total number of oxygen analyses made from 1909 to 1914, inclusive, was ap- 
proximately 3,710. 

The Commission’s report of August, 1912, contains tabulations, maps and diagrams 
showing the oxygen and other analytical work done up to the time that report went to 
press. In addition to the oxygen, the results of bacterial analyses and microscopic ex- 
aminations were recorded. 

The present volume describes the oxygen results obtained by the Commission sub- 
sequent to those recorded in the 1912 report. The same method of tabulation has been 
preserved and the diagrams and other representations which were introduced in 1912 
have been followed in plotting the data wherever this method of record seemed likely 
to aid in comparing and comprehending the facts. 

No bacterial or microscopic analyses were made by the Commission after those 
recorded in the 1912 report. 

A feature of the analytical work done toward the end of the Commission’s exist- 
ence was the making of chemical examinations of the kind customarily employed in 
standard sanitary investigations, the object being to afford a check upon the oxygen 
work and obtain data concerning the behavior of the nitrogen compounds. These chem- 
ical examinations included analyses for free and albuminoid ammonia, nitrites and 


nitrates. 
Before making the nitrate examinations, considerable time was spent in com- 
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paring methods for this test. The presence of salt in the sea water so interfered with 
the customary nitrate analysis as to require that special provision be made for over- 
coming the difficulties. 

After some preliminary investigation, it was decided to test the two most promis- 
ing methods for the electrolytic reduction of nitrates to the form of ammonia and the 
subsequent estimation of the ammonia in the usual way. The reduction procedures 
which were compared were the copper zinc method, as described by McGowan (See 
Part V, Vol. IV, Fourth Report Royal Commission on Sewage Disposal of Great 
Britain) and the aluminum foil method, as recommended by the Committee on Stand- 
ard Methods of Water Analysis of the American Public Health Association. Parallel 
tests were made with these, using sea water, harbor water and land water. Definite 
weights of sodium nitrate were added and the increases noted by analysis. 

The results of the research show that nitrates were present in all the samples and 
that nitrates in sea water and mixtures of sea water and land water can be reliably 
determined by either of the reduction methods tested. The data obtained in these ex- 
periments follow: 


TABLE CXIV 


AMOUNT OF NITROGEN FOUND, AS NITRATE IN LAND, HARBOR AND SEA WATER, BY RBE- 
DUCTION—(a) WITH ALUMINUM FOIL, AND (b) WITH CopPER ZINC COUPLE 


Parts per 1,000,000 


Source of Sample Series A Series B 

Aluminum Copper Zinc 

Reduction Reduction 
Land Waterss ac tinisn's t vcwic <.sigit' + pee do yin at rae See gee ee rN Mae gave eee 0.004,0 0.366,0 
“ 4 PENRO. EOE code SS ete Cl Ee ee ae Cs ee 0.291,0 0.300,0 
Harbor: Water esc. s sivas: ss arsia. ores athe, acenns > aealeee se Saleliterataneyal ace kere area ee 0.425,0 0.445,0 
c WOE Ap tee oraAL eR et SRE Mir Oa rit er rac be PRIN Me cokournes AD By Bie oc 0.520,0 0.560,0 
Soa Water. 2 scec oS cunt tect eck ns cet a geen ct a ee 0.240,0 0.260,0 
TN ee OEE Bos Oe ony ge Pee em lear ae a oR re el Cn 0.160,0 0.160,0 
Be eee Mohs Ce tihe or Rees 6 es Eee et 0.100,0 0.180,0 
TABLE CXV 


AMOUNT OF NITROGEN FOUND, AS NITRATE IN LAND AND SEA WATER CHARGED WITH 
KNOWN QUANTITIES OF KNO;, BY REDUCTION—(a) WITH ALUMINUM FOIL, AND 
(b) witH COPPER ZINC COUPLE 


_ Parts per 1,000,000 


Source of Sample Present Series A Series B 
Theoretically | Aluminum | Copper Zine 
Reduction Reduction 

Land Waterss. ic ie sire ee rere oe le arene Sea oe uectoh cme NOIR: 0.005,2 0.005,0' 0.005,0 
Sea. Water <ii35 5). 55.4 Saco uta a ee oo oe a ee Peat eee 0.138,0 0.127,0 0.131,0 
oe pee PEPE eRe. A teaene cued an iy Reine GR EB na ch dos is cetevecn 0.011,0 0.010,0 0.010,0 
“ eee re PR OA] SS EN Rr ee OGRA RO ARTO AO AUD Ooe'e 0.005,5 0.005,0 0.004,5 
S PM POPES ai eel Cony AR abl Pen AG Arne eh a te! 0.005,5 0.005,1 0.006,0 
& a ee PRR OPE TE Rr IA rh, Woh ee a ceeG Oe nibh OT A Oe 0.010,0 0.010,0 0.007,5 
os bP SORA rr te Va SAEs (5 5 pth Ark ep he le ia ae tres, 0.016,5 0.015,0 0.016,5 
oS = 0.035,0 0.033,0 0.035,0 


O's 06 e/ elas Gum 2 6) @ 2 0 0p 0 ates elle) oe) Riieeve (sole) (8 ele.) e © 6916 6.0610 eee .6\e.[6 
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As a consequence of this research, the Commission employed the reduction 
method for the determination of nitrates throughout its subsequent work. The chemical 
examinations are fully stated in the tables following the oxygen results here given. 

In connection with the oxygen and other analyses of the harbor water, it some- 
times became desirable to make incubation tests and these, in properly tabulated form, 
are appended to the oxygen results which are stated in the following tables. 

The data here published are capable of yielding many interesting and important 
facts relating to the harbor’s condition and particularly to the phenomena concerned 
in the digestion of the sewage. The information of principal value is believed to 
have been extracted during the course of the work, but it is not improbable that further 
careful study of the details would repay the care and time expended. 

Since the Commission was reorganized in 1908, all the analytical data, in common 
with all the other scientific and technical facts have been collated and tabulated as 
the work progressed. 

The Commission considers that its analytical work has been sufficiently thorough 
and comprehensive to afford the information needed for definite opinions concerning 
the condition of the harbor and the method which should be followed for its improve- 
ment. It would be desirable to repeat some of the investigations from year to year to 
show what changes, if any, occur. The system which should be followed in these 
studies has been made clear by the work which has been done. 

Excepting for the study of detailed conditions in certain localities and the investi- 
gation of special problems, it will be sufficient to take samples at the principal cross- 
sections established by the Commission and made a feature of its final work. The 
analyses need not be either numerous or elaborate. The determinations of dissolved 
oxygen as described in this Commission’s reports will probably afford all the informa- 
tion necessary. It is essential that the method of analysis should be the same or at 
least that a test should be followed which is as free from error as that which the 
Commission has employed, otherwise the results will not be strictly comparable. The 
utmost pains were taken by the Commission in selecting and testing the accuracy of its 


dissolved oxygen method and the fullest confidence may be placed in this test. 
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SECTION II 


DIGESTION OF SEWAGE BY THE HARBOR WATER AND 
THE EXHAUSTION OF DISSOLVED OXYGEN 


DIGESTION OF SEWAGE IN NEW YORK HARBOR 


From an early period in its career, the Commission has given attention to the 
conditions under which sewage matters would disappear when discharged into the 
harbor waters. The conditions required for assimilation, collectively termed the 
“phenomena of digestion,’ were made the subject of experimental investigation in the 
laboratory and in the open harbor water, and were among the profitable directions in 


which these researches were carried. 


The point toward which the Commission was working in these experimental and 
analytical studies was an understanding of the circumstances under which the great- 
est use could be made of the harbor for the reception of the sewage without injurious 
consequences to the public health and welfare. The need of utilizing the harbor’s . 
digestive capacity was apparent. It was evident that engineering works capable of 
carrying the sewage to a distant point for disposal, or plans for its intensive treat- 
ment, would be very expensive. Since a sanitary disposal of the sewage was to be 
looked upon as a necessity and not as a luxury, it was necessary to confine the con- 
struction to the most economical works which would answer the actual requirements. 

Pollutions from the docks and shipping would always add a considerable amount 
of sewage matters, even though the most extensive works were built to keep the land 
sewage from entering the harbor. It was recognized that the harbor was capable of 
assimilating large quantities of sewage materials and experience here, as well as at 
other points known and visited by the Commissioners, pointed to the possibility of 
making large use of the harbor’s digestive capacity for sewage. Obviously certain con- 
ditions which produced nuisance and injury to health would have to be prevented. If 
the harbor was to be used for the reception of a large part of the sewage, it would be 
necessary to make a scientific use of the natural forces by which the objectionable 
matters could be disposed of. 

It was explained in the Commission’s report of 1910 that freedom from evil con- 
sequences attending the discharge of sewage and other wastes into New York harbor 
depended upon the bodily transportation of a part of the refuse matters from the 
harbor to sea by means of the harbor currents and the assimilation of the remainder 
by the water itself. Owing to the backward and forward oscillation of the tide, 
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the seaward transportation is irregular and the amount of upland water poured 
into the harbor by the rivers is insufficient to carry the sewage wastes promptly 
away. The ultimate disposal of the wastes depends largely upon the assimilative 
capacity which the Commission has termed “digestion.” 

The Commission’s first report, dated April 30, 1910, contained an account of the 
hacterial condition of the harbor waters and several chapters deal with the phenom- 

ena and assimilation or digestion of sewage matters. The relative intensity of pollu- 
tion was shown not only by bacterial studies, but by analyses of the dissolved oxygen 
made in all the important sections into which the harbor was divided. The deposits 
upon the harbor bottom were studied with reference to the intensity of their pollution ; 
and in Chapter X there was given a discussion of the diffusion and digestion of sewage 
in the harbor, in which information was furnished on the composition of the polluted 
wastes and the results of experimental studies on diffusion and digestion carried out 
by means of laboratory tests, the discharge of large volumes of sewage into the harbor 
and investigations on the floatation of solid objects. 

In Chapter X of the 1910 report the solids of sewage were discussed under the 
heads of those which sink, those which float, and those which remain suspended in the 
main body of the water into which they are discharged.’ The liquid portion of the 
sewage was considered under the headings of oil and grease and the liquids which are 
principally concerned with the depletion of oxygen. 

The Commission’s report of August, 1912, contains a further discussion on the 
phenomena of digestion in Chapters V and VI of Part I, and of the state of the water 
as shown by the dissolved oxygen, bacteria and microscopic debris in Chapters VII 


and VIII. 


A thorough account of some of the principal phenomena of digestion, especially 
as they relate to the depletion of oxygen, was contained in the report of Prof. W. E. 
Adeney who was brought to America from England by the Commission for the purpose 
of consultation upon this topic. Professor Adeney’s report with respect to the degree 
of cleanness which is sufficient for the water is contained, like the reports of seven 
other eminent experts selected by the Commission, in Chapter III, Part II, of the 
1912 report. 

All the data and opinions on the question of the digestion of sewage and the part 
which oxygen plays in this phenomenon are not to be found in the references there 
given. For example, a large part of the 1912 report (over 150 pages) is devoted to the 
dissolved oxygen question, and all of Part III, excepting that which is devoted to the 
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oxygen, relates to the microscopic examinations and numbers of bacteria. Scattered 
through the preliminary reports of the Commission will be found other mention of 


this important topic. 


COMPOSITION AND QUANTITY OF THE SEWAGE 


The term “sewage” has been used by the Commission to mean the wastes which 
flow from dwelling houses, factories and streets through the municipal sewerage sys- 
tems and these wastes after discharge, whether solid or liquid, are usually referred to 


as sewage materials. 


The composition of the sewage represents a theoretical standard which has been 
assumed for New York. The aggregate quantity of sewage materials discharged in 
1910 was equivalent to 255,000 tons of dry, solid matter, all of which was capable of 
offensive putrefaction, or already advanced to some extent toward that condition. 
One ton of this material was equivalent to about 50 tons or 55 cubic yards of wet 
sludge, such as is deposited on the harbor bottom and as is ordinarily obtained from 
sedimentation basins. It thus appears that there is discharged each year into the 
harbor of New York sewage sufficient to produce 12,800,000 tons of sludge, having a 
bulk of 14,000,000 cubic yards. 


The Suspended Matters.—F resh sewage taken from the New York sewers has a 
dirty, gray color and an unpleasant, sweetish, musty odor. It contains particles of 
solid matters whose identity is readily recognizable to sight, and finer particles which 
collectively produce a turbid appearance in the liquid. Most of the solid particles will 
pass through screens having meshes of one-eighth of an inch. Such screens as are 
used in the purification of sewage upon a practical scale are capable of removing, 
say, 15 per cent. of the suspended matter, this removal being slightly greater or con- 
siderably less, depending upon the fineness of the screens employed. About one-third 
of the suspended matter removed by screens consists of paper and other material 


which is not readily susceptible to decomposition. 


A considerable proportion of the finer material is in a semi-solid colloid condi- 
tion, which causes the purification of sewage to be attended with particular difficulty. 
Upon standing, some of the particles settle out causing a dirty grayish or blackish 


sludge to deposit. 


Under usual conditions about 60 per cent. of the total solids in sewage are in sus- 


pension, and about one-half of these can be removed by allowing the sewage to flow 
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very slowly through sedimentation tanks during a period of about two hours. It is esti- 
mated that about one-half of the resulting sludge consists of organic matter capable 
of putrefaction. By adding a chemical precipitant before the sewage is settled, about 
85 per cent. of the suspended matter, and 50 per cent. of the organic matter can be 
removed as sludge. 

The putrefiable material in the sewage is by some believed to be largely in the 
sludge, but experiments made by this Commission show that the liquid part of sewage, 
when preserved for a few days in bottles, will use up the contained oxygen and produce 
the characteristic odors which may be expected from raw sewage when preserved 
under the same conditions. There is as much organic matter in solution as in sus- 
pension in the sewage produced by the average city, but the fresher the sewage, the 
larger the relative amount of organic matter in suspension and the smaller the relative 
amount in solution. 

Of the total amount of organic matter present in solid or suspended form, about 
one-half is nitrogenous. Fats and soaps are sparingly present in spite of appearances 
to the contrary. 

The Commission in its first report divided the solids of sewage into those which 
sink soon after the sewage is discharged into the harbor; second, those which continue 
to float for some time on the surface of the water; and, third, those which are long 
carried in suspension in the body of the tidal streams. Many which at first float grad- 
ually become broken up or water-soaked and sink beneath the surface of the water, 
thus passing from the second to the first division or to the third. 

Turbidity Due to Sewage Discharges.—The water of the harbor is markedly dis- 
colored and rendered turbid where the sewers discharge. The size of the materials 
which produce the turbid appearance varies from sub-microscopic particles up to 
masses whose identity can immediately be distinguished from the docks and vessels 
in the vicinity. The water, which is generally of an olive, slightly turbid appear- 
ance, becomes brownish gray, greasy and muddy in appearance. The boundaries of the 
sewage stream are for some time sharply defined in the surrounding water. When 
the harbor currents are sufficient to carry the sewage promptly away from the out- 
fall, the discolored area expands and fades from sight. | 

The discharge of sewage is generally not recognized, except for the grease and 
larger particles, beyond a distance of two or three hundred feet. In some cases, as, 
for example, the mouth of the Harlem river and those bends in the Lower East river 
known as Wallabout bay and the foot of Oliver street, Manhattan, the sewage dis- 


colors many acres of the harbor. 
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Most of the deposits which exist on the harbor bottom consist of colloid and other 
finely divided particles. Accumulations of this material are difficult to handle except 
by pumping. When dredged, much of it flows back into the water. Sea water has a 
tendency to precipitate finely divided solid matters, and large areas of New York har- 
bor are covered with deposits; in fact, the only parts of the harbor which are not con- 
taminated by sewage solids are those wherein the tidal currents are too swift to permit 
deposits of any kind to form. 

About 350,000 cubic yards of material are dredged from the waterways around 
Manhattan Island by the Dock Department of the city and a large amount of addi- 
tional dredging is done at private expense. Unfortuntely, the deposition of sludge 
cannot be regulated so as to take place at certain points from which they may be 
easily dredged. The accumulations which occur near the mouths of the sewers are 
being continually moved from place to place by the changing currents, which set the 
semi-solid sewage particles in motion. 

Sewage sludge which remains for a time upon the bottom gradually undergoes 
a change in which the more solid materials are disintegrated and turned into liquid © 
and gaseous compounds, some of which have a strong avidity for oxygen. It is after 
the sewage solids have been deposited upon the harbor bottom and decomposition has 
set in that putrefactive changes become most pronounced, and the most offensive odors 
are given off. 

_ The Docks as Sewage Traps.—The more quiet parts of the harbor, and especially 
the spaces between the long docks, are of much interest from the standpoint of | 
oxygen exhaustion. They have been well termed “sewage traps.” The study which 
anyone can make of them from the surrounding piers and bulkheads will make it 
clear why the slips continually require to be dredged in order that a proper depth of 
water may be preserved for navigation; why the water bubbles with offensive gases; 
why the dredged material is so foul and why it is that sewage solids accumulate 
between the piers even when the bottoms of the main tidal currents beyond the 
pierhead line are relatively free from sewage deposits. Knowledge of these local- 
ities, based on personal inspection, will make it easy to understand why the extension 
of the sewer outfalls in Manhattan from the bulkhead lines to the ends of the docks 
has not produced satisfactory conditions, and why something more is needed in the 
way of protecting the water than would be afforded by passing the sewage through — 
screens or settling basins in the crowded and polluted sections of the Lower East 


river. 
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Precipitating Action of the Salt Water.—Experiments made by the Commission 
show that sewage deposits take place more rapidly in New York harbor water than 
in the water of inland rivers and lakes. Two bottles, alike in all respects, were filled, 
in one case, with harbor water and, in the other, with water from the public drink- 
ing water supply. An equal quantity of sewage sludge was placed in each bottle. 
The bottles were thoroughly shaken and allowed to stand upon a table to permit the 
deposit to settle out. At the end of half an hour the harbor water was noticeably 
clearer than the upland water. At the end of one hour the difference was marked; a 
heavy deposit had settled upon the bottom of the harbor water and there was little 
change in the bottle containing the upland water. At the end of three hours some 
deposit was visible in the upland water, but the water itself was not as clear as the 
harbor has been at the end of the first half hour. As nearly as could be estimated, 
the harbor water deposited its suspended matter more than twelve times as rapidly 


as the upland water. 


CONDITIONS NECESSARY FOR FINAL DISPOSITION 


Elsewhere the Commission has shown that the final decomposition of sewage by 
natural processes requires that the solids shall be liquefied and the liquids oxidized. 
Nature requires that all organic matters be resolved into stable mineral forms. In 
this final condition, all substances are inoffensive and incapable of becoming so. 

The liquid part of sewage contains about one-half of the total organic matter 
present, and, unlike the solid material, isin condition for immediate oxidation. The 
oil and grease which sewage contains, although not large in amount, change slowly 
in composition, but their effects, when discharged into the harbor waters, are con- 
spicuous. The grease floats upon the surface of the water, at times, in large patches 
which are distinctly visible for 1,000 feet or more from the mouths of the principal 
sewer outlets. A distinctly greasy odor is imparted to the shores. 

The chemical changes, and particluarly the absorption of oxygen, which occur 
during digestion of sewage in water has been investigated by Adeney and made the 
subject of an exhaustive report to the Royal Commission on Sewage Disposal of Great 
Britain.* The work of this investigator was based on the well-known researches of 
Frankland, which showed that the essential cause of change was one of oxidation, and 
those of Dupré, who proved that the rate of oxidation. was largely due to bacteria. 

It appears that the digestion of sewage matters in water depends not alone on 
the exact quantity and chemical composition of the sewage, but rather upon the fer- 


mentative properties of the mixture of sewage and water. The rate at which sewage 


*See Appendix VI, Fifth Report of the Royal Commission on Sewage Disposal, 1908. 
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matters undergo change depends largely upon the influence of the organisms present. 
Adeney was convinced that the purification of polluted sea water was chiefly a physio- 
logical process analogous to the respiratory process of higher vegetable organisms, 


and that enzymic action was intimately associated with the process. 


The Two Stages in the Self-Purification of Sewage Polluted Water.—In a report 
made by Professor Adeney to the Metropolitan Sewerage Commission,* an explana- 
tion is given of the fermentative processes which sewage undergoes through the action 
of water bacteria, from which it would appear that decomposition proceeds in two 
distinct and progressive stages: The organic matters are first completely fermented 
and are almost entirely oxidized during the process; the products are water, carbon 
and ammonia. Small quantities of organic substances appear as excretory bodies 
which result from this process, and these possess the chemical and physical prop- 
erties of the humus of cultivated soils, peated rivers and lakes. 

When the fermentation of the organic constituents has been completed the second 
stage occurs during which the ammonia compounds and humus matters formed during 
the first process are oxidized to nitrites, nitrates, carbon dioxide and water. The 
terms “carbon fermentation” and “nitrogen fermentation” are suggested as descriptive 
of these two stages of sewage fermentation in water, and the following classification 
of the bodies which may occur in polluted waters is recommended : 

1. Carbon fermentable substances, that is, nearly all existing organic substances 
other than antiseptics which have not to be subjected to the fermentative action of 


water bacteria. 


2. Nitrogen fermentable organic substances, that is, organic substances which 


have resulted from the carbon fermentation of other organic bodies. 


2a. Ammonium Compounds. It is to be observed that the oxidation of organic 
carbon to carbon dioxide constitutes the central feature of the first stage, and that the 
oxidation of ammoniacal nitrogen to nitrous and nitric acid constitutes the central 
feature of the second stage. 

The products of the second stage are the analogues of the product, carbon dioxide, 
of the first stage. The sequence of these changes is in conformity with thermo chem- 
ical principles, and an exposition of the scientific basis upon which this view of the 
self-purification of polluted waters is founded is contained in Section 1, Appendix 6, 
Iifth Report of the Royal Commission on Sewage Disposal. | 

According to Professor Adeney’s reasoning, the most important effect produced 


by the introduction of sewage into the harbor waters, and one which invariably fol- 


*See Report of Metropolitan Sewerage Commission, August, 1912, pp. 80-121. 
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lows, is the more or less complete exhaustion of their dissolved oxygen. Three dis- 
tinct causes of loss are to be noted: 


1. The sewage being deficient in oxygen would, by mere physical pollution, lower 
the amount of dissolved oxygen in any mixture of sewage and clean water which might 
be made with it. 

2. Where sewage contains substances which should easily, directly and immedi- 
ately oxidize, without the intervention of bacterial or enzymic action. 

3. The organic and ammonium compounds of sewage when acted upon by fer- 
mentative processes cause a loss of the dissolved oxygen. Ordinarily only the last of 
these three actions is capable of producing appreciable influence upon the dissolved 
oxygen in the water. 

The first is instantaneous in effect; the second may be practically instantaneous, 
as where sulphuretted hydrogen and black sulphite of iron, both of which are among 
the most commonly occurring bodies of a directly oxidizable character found in sewage 
sludge, especially in the presence of sea water, are oxidized by direct contact with dis- 
solved oxygen with great rapidity. 

The effect of the third action upon the dissolved oxygen is distinctly different 
since it proceeds with extreme slowness, and occupies several days under natural con- 
ditions. The effects which the sewage sludge matters discharged into New York har- 
bor exert, when they become diffused through the tidal waters after having been de- 
posited in the form of sludge, subjected there to putrefactive processes in the presence 
of sea water, and finally raised by gas, eddies or other means and diffused, are much 
more injurious than those which the same solid matters can cause when in a fresh 
condition. The explanation of this fact lies in the large quantities of sulphides and 
other immediately oxidizable compounds which are produced in the fermenting 
sludge. 

Liquid sewage matters when discharged in a fresh condition are not, for the most 


part, capable of direct chemical oxidation, but must await the fermentative action of 
bacteria. 


AMOUNT OF OXYGEN PRESENT IN UNPOLLUTED WATERS 


The quantity of dissolved oxygen which is present in unpolluted water under or- 
dinary circumstances is relatively small. The utmost which can be present, termed 
the saturation value, varies according to the salinity of the water and the tem- 
perature. 

Other things being equal, sea water contains less oxygen than water that is not 
salt. Harbor water containing 45 per cent. of sea water holds, at 45 degrees F., 7 c.c. 
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of oxygen per liter of water. When the temperature reaches 75 degrees the oxygen 
is expelled to the atmospheric air until about 5.5 ¢.c. are present. During the summer 
months the water may become so warm, particularly in those parts of the harbor in 
which a free circulation does not occur, as to reduce the normal amount of oxygen to 
about 5 c.c. per liter. 

The physical law by which the amount of oxygen which can be present is re- 
duced in warm weather operates against the disposal of New York’s sewage by dilu- 
tion, since, at the season when decomposition is most active and oxygen is most in 
demand, the supply of it is most deficient. 

The difference in the amount of oxygen which may be present in sea water and 
upland water amounts to 20 per cent. under summer conditions. Thus, at 70 degrees 
F., the saturation value of oxygen is 5.2.c.c. per liter in sea water and 6.4 in upland 
water. The table on page 52 and the diagram on page 51 of the Commission’s report 
of August, 1912, give the amount of oxygen required to saturate tidal waters contain- 
ing various percentages of sea water and mixtures thereof under different condi- 
tions of temperature. 

Method of Stating Results——Throughout the work of the Commission, it has been 
customary to state the amount of oxygen present as cubic centimeters of oxygen per 
liter of water and as percentages of saturation value. This custom is followed by 
the Royal Commission on Sewage Disposal of Great Britain, but in America the 
results are stated as parts of oxygen by weight per million parts by weight of water. 
The Commission’s method of stating the results can be converted into parts per mil- 
lion by multiplying the number of cubic centimeters found by 1.48. The diagram on 


page 51 of the Commission’s report of August, 1912, facilitates this conversion. 


SOURCES OF THE DISSOLVED OXYGEN 


The dissolved oxygen which is present in a natural body of water is assumed to 
have been derived from the atmosphere. Numerous analyses of the Hudson river, 
Long Island sound and ocean beyond the limits of sewage pollution show that an 
amount of oxygen is present which compares closely with the theoretical saturation 
value, and were it not for human occupancy the water of New York harbor would 
doubtless contain the maximum supply which the temperature and salinity of the 
water permit. . 

There are various sources from which the oxygen which is exhausted by the sew- 
age substances is in part replaced. Among these sources are the atmosphere, the fresh 
water which enters the harbor from the ocean, sound and rivers and the oxygen which 


exists in combined form in the mineral matters which the harbor waters contain. 
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Absorption of Oxygen from the Air.—The absorption of oxygen from the atmos- 
phere has been the subject of scientific controversy, Professor Adeney holding views 
upon this subject which Professor Phelps and Colonel Black have attacked. It is un- 
necessary here to enter into the scientific details, many of which can be found in Ap- 
pendix VI of the Fifth Report of the Royal Commission on Sewage Disposal of Great 
Britain; in Professor Adeney’s report to the Commission, published in the Commis- 
sion’s report of August, 1912; in the report of Colonel William M. Black and Pro- 
fessor Earle B. Phelps to the Board of Estimate and Apportionment of New York in 
1911; and in a paper and discussion opened by Professor Phelps in the Proceedings 
of the American Society of Civil Engineers in 1913. The chief point at issue seems 
to lie in the interpretation of the results of certain delicate experiments which the 
authors have made to determine the exact way in which the oxygen is absorbed by 
harbor water and transmitted from the surface downward. 

Among the admitted conditions upon which absorption of oxygen or, as it is 
sometimes called, reaeration, proceeds are the area of water exposed to the air, the 
temperature of the water, the salinity of the water, the humidity of the atmosphere, 
the amount of oxygen which the water already contains, the depth of the water, the 
rate at which the oxygen which is absorbed at the surface may be diffused through- 


out the body of the water and the presence or absence of vertical currents. 


Owing to the variation which occurs in all of these factors in New York harbor, 
it is apparent that the rate at which oxygen is absorbed from the air varies greatly 
from day to day, hour to hour and place to place. The area of the water surface 
changes continually under the influence of the winds which produce waves and some- 
times break the surface. Decided temperature changes occur under the influence of 
the sun and inflowing waters. The salinity changes with each tide and with the 
rainfall. The humidity of the atmosphere, and, consequently, the evaporation from 
the surface of the water, correspond with changes in the weather. The amount of 
oxygen present in the water is by no means the same throughout the harbor, nor 
does it remain constant in any place which is under the immediate influence of the 
sewage and the tidal currents. The depth of water varies as the currents flow 
through the shallower and deeper channels. The rate of diffusion under these chang- 
ing conditions cannot be expected to follow any fixed law, but, if it does so, the effects 
must be greatly modified by the lateral and vertical currents set up by the tide and 
by the large amount of traffic in the harbor. 

The rate at which absorption of oxygen can take place under any circumstances 
is relatively slow. In the year 1912, the Commission made a series of experiments on 


the absorption of oxygen by water and the results obtained, and stated elsewhere in 
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this report, show the approximate rate at which oxygen is absorbed by water from 
the air. In these experiments, sea water, land water and mixtures of the two were 
deprived of more or less of their oxygen by boiling, cooled without allowing air to 
come in contact with them and then exposed to the atmosphere for various periods of 
time, the dissolved oxygen being determined before and after the exposure. 

It was found that water absolutely or nearly free from oxygen, if exposed to the 
air in an open vessel, such as a wide-mouthed bottle, will, without any agitation of the 
surface, at first absorb oxygen rapidly from the atmosphere, the rate decreasing as 
the degree of saturation increases until, as the saturation figure is approached, the 
process of absorption goes on slowly. In the experiments, water nearly devoid of 
oxygen absorbed over 50 per cent. of the saturation value of oxygen in the first 24 
hours, the rate for the first hour being 10 per cent. of the total quantity necessary 
for saturation. The rate during the second day was about 25 per cent. of that of the 
first day. The rate then decreased gradually during the third and fourth days, when 
there was a marked falling off, so that at the end of the week, as the saturation value 
was approached, the absorption amounted to a very little each day. 

The rate for sea water was rather more rapid than for land water. While the 
land water absorbed 53 per cent. or slightly more during the first 24 hours, the sea 
water absorbed 60. After the second day, the rate of absorption was greater in the 
land water than in the sea water, an observation which is doubtless to be accounted 
for by the fact that the sea water was more nearly approaching its saturation value. 

In no case was the water found to be saturated at the end of seven days, although 
it closely approached that condition. It took ten days in some cases before the land 
and sea waters became fully saturated. 

The gain during the first hour of exposure was about the same with land water as 
with sea water. At the end of the 2d, 3d, 4th, 5th, 6th, 7th, 8th and 24th hours, the 
absorption of oxygen was found to be greater with the sea water than with the land 
water, the total gain for the first day with the sea water being about 8 per cent. 
greater. 

In mixtures of sea water and land water possessing from 14 to 45 per cent. of 
oxygen, the gain per hour varied between 10 and 4 per cent. If these facts are appli- 
cable to New York harbor, it would appear that the absorption of oxygen from the 
atmosphere under conditions such as are likely to occur in the summer weather is 
equivalent to about 7 per cent. of the saturation value per hour. The conditions, 
however, under which the oxygen can be absorbed by the harbor waters are too numer- 


ous to make deductions of this kind entirely safe. 
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Fresh Sea Water and Upland Water as Sources of Oxygen.—In the opinion of 
many persons, direct absorption from the atmosphere plays but a small part in supply- 
ing the oxygen required by the harbor for the digestion of the sewage. The principal 
supply is furnished by the fresh sea water and relatively unpolluted river water which 
enter the harbor. 

Calculations have been made of the extent to which the water of the sea and rivers 
renews the water of the harbor, the object of these calculations being to determine 
the extent to which the sewage matters are carried mechanically to sea. So far as the 
ocean water is concerned, the basis of these studies has been the estimates of the 
United States Coast and Geodetic Survey made in 1908 at the request of the Metro- 
politan Sewerage Commission; the Commission’s studies of the changing salinity 
of the water carried on throughout one year at 11 widely separated stations in the 
harbor; the float observations and the thousands of analyses made in the Commis- 
sion’s laboratories. The supply of water from the rivers has been calculated from 
runoff data supplied by the New York State Engineer. Mathematical discussions of 
the transportation of the sewage to sea have been made by Professor Adeney, 
Messrs. Black and Phelps and others without, however, affording convincing evidence 
of the practical application of the results. The inward and outward flow of sea 
water, like the discharge of water from the rivers, does not produce the immediate 


and thorough diffusion throughout the harbor waters which such calculations assume. 


Oxygen Supplied by Mineral Compounds.—In most waters a considerable amount 
of oxygen is present in the form of mineral compounds, as, for example, carbonates, 
sulphates, nitrates and nitrites. These compounds are relatively stable and some of 
them may be regarded as the end products of those changes which organic matters 
undergo in the process of decomposition in the presence of oxygen. This is partic- 
ularly true of nitrates. Nitrates are always abundant in waters which have been pol- 
luted and in which digestion has passed to its final and inoffensive state. 

Carbonates indicate a water possessing temporary hardness and are usually 
taken as showing the solution of rocks containing lime and magnesia in the presence 
of carbonic acid, presumably derived from the decomposition of vegetable matter as in 
swamps. 

Sulphates indicate a permanently hard water, that is one whose soap-consuming 
and boiler-scale-forming properties are not reduced by boiling. Sea water contains a 
great deal of sulphate, a considerable amount of carbonate and very little nitrate. 

When sewage matters putrefy in the presence of sea water, the oxygen present in 
the form of mineral compounds is attacked, the result being a reduction in the nitrates 


and sulphates if not in the carbonates present. The Commission has found that 
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nitrates are reduced before the dissolved oxygen is entirely gone from the water and 
putrefaction commences. There is thus little, if any, oxygen to be depended upon from 
nitrates after the dissolved oxygen is gone. 


The sulphates do not readily part with their oxygen. They are among the most 
resistant of chemical substances and are broken down only in the presence of active 


putrefactive decomposition, so far as sewage is concerned. 


Analysis of the gases evolved from New York harbor shows very little sulphur- 
etted hydrogen and a great deal of marsh gas and other compounds from which 
sulphur is absent. 


It is doubtful whether the carbonates in harbor water are capable of affording 
any useful amount of oxygen in the mineralization of the sewage matters. Putrefaction 
produces carbonic acid, much of which goes into solution in the water and some of 


which is evolved in bubbles at the surface. 


A brief consideration of the changes which take place in the nitrogen compounds 
will serve to indicate, in a general way, how the oxygen may be combined with the 
elements of the sewage as a result of digestion and how it may be disrupted from such. 
combination. 


Nitrogenous matter, in the least digested form in which it is customarily deter- 
mined in sewage and water analysis, is reckoned as albuminoid ammonia. In this con- 
dition it is not ammonia, but is assumed to be in an albuminous condition which is 
capable of being converted into ammonia in nature. by biological action or in the 
laboratory by means of strongly alkaline permanganate of potash. Theoretically, the 
nitrogen of albuminoid ammonia will, in course of time, become free ammonia and 
then pass to nitrites and nitrates. In the changes which result in free ammonia, 


oxygen is not known to play any part. 


Once the nitrogen has reached the stage of ammonia, the presence of oxygen be- 
comes an important factor. The nitrogen and hydrogen atoms, of which ammonia is 
composed, unite with oxygen and form nitrites which, by further oxidation, are con- 
verted to nitrates. The presence of nitrites in water is regarded as indicating the rate 
at which the digestive process is proceeding. Nitrites, when abundant, are generally 
accepted as indicating recent heavy pollution. Nitrates, when high, are taken to 
signify that the water has passed through a change which has resulted in the oxida- 
tion or mineralization of such harmful and offensive matters as may have been pres- 
ent. The proportion in which these various compounds, ranging from albuminoid 
ammonia to nitrates, are present in a water gives to the sanitary analyst a knowledge 
of the recentness and extent of the pollution of the water. 
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It has often been remarked that sea water contains but little nitrates, their 
presence having been questioned by some. The Commission has shown that sea water 
contains nitrates. In view of the enormous extent to which organic matter is diluted 
in sea water, it does not seem remarkable that only small quantities are discoverable. 

Nitrites are present to an unusual extent in the water of New York harbor. 
Their presence well illustrates the digestive changes which are taking place. When 
considered in the light of other data relating to the quality of the water, there is 
little about their presence to cause remark. 

In order that the Commission’s investigations should have a broad foundation 
and not rest exclusively upon the extensive dissolved oxygen analysis which were 
made, a considerable number of analyses for the nitrogen compounds were carried out 
and the results will be found in appropriate places in the tables. 

The circumstances and extent to which the oxygen which is present in the form 
of mineral compounds can be turned to the most useful account in the digestion of the 
sewage matters depend upon many factors which have nowhere, as yet, received 
thorough investigation. The discovery of the controlling factors in the problem will 
doubtless remain a field of research for many years to come. It now appears that 
before this combined oxygen can be liberated and made available for the digestive 
processes, putrefaction, or an approach to it, must intervene. 

Attention has recently been attracted to the instrumentality of plankton in 
breaking up the completely or partly oxidized mineral compounds present in polluted 
water and thus adding to the dissolved oxygen content. The theory upon which the 
action of the plankton depends is the same as that which seeks to explain one of the 
most important of those facts relating to the inter-relation of animals and plants. 
In the respiratory action of animals, oxygen is absorbed and carbonic acid is evolved, 
and the corresponding function of plants is to appropriate the carbon and liberate the 
oxygen of carbonic acid. 

However complete the action by which the oxygen that may be present in mineral 
combinations is liberated, it is evident that it can bring about nothing more than an 
exchange. No oxygen is produced. Nevertheless, the effect upon the digestive process 
may be excellent. It may facilitate decomposition, for the oxygen, when disassociated 
from the other elements with which it is combined, is present in a nascent form and in 
this state it undoubtedly has a strong avidity to form combinations. 

Elsewhere in this report will be found the results of experiments on the disap- 
pearance of nitrates in water concurrently with the absorption of dissolved oxygen. 
The experiments show that the oxygen in the form of nitrates may be absorbed, to 


some extent at least, long before the dissolved oxygen disappears, 
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There is another source of oxygen which, although probably never available, is 
nevertheless of much interest in considering the digestion of sewage. This source is 
no other than the oxygen of which the water itself is composed. If, in the digestion of 
sewage, the molecules of water which are composed of two atoms of hydrogen to one 
of oxygen become disrupted and the oxygen set free, the digestive capacity of a river 
or harbor would obviously become enormously increased. In the existing state of 
knowledge, there is no reason to suppose that the oxygen of which water is composed is 


ever made available for the mineralization of organic or nitrogenous matter. 


OXYGEN AS A MEASURE OF POLLUTION 


In the Commission’s opinion the amount of dissolved oxygen which is present in 
a natural body of water affords the best means available for measuring the burden of 
pollution which has been put upon the water and gives a basis upon which to form 
an opinion as to the maximum quantity of sewage which the water can properly 
absorb. So far as future conditions are concerned, the test has reference chiefly to 
the possibility that the sewage materials in the water may putrefy and produce of- 
fensive odors. If there is much oxygen, this probability is remote; if there is but little, 
the danger is imminent. Putrefaction cannot take place in the presence of an abun- 
dant supply of oxygen. 

The scientific value of the analysis depends on the fact that the oxygen which is 
normally present in the water is used up by the processes of nature in changing the 
decomposable substances of the sewage into harmless and inoffensive compounds. 
This change has been termed digestion. It is a complicated process and one which 
depends upon a large number of factors, including the amount and condition of the 
organic matter in the sewage and in the water; the amount of dissolved oxygen 
present in the mixture; the temperature of the water and the presence of various 
substances which may exert a beneficial or injurious effect upon the digestive process. 

The water itself plays but an indifferent part in the digestive process. It acts 
in a mechanical way to separate the particles to be digested and so permits the active 
agencies of decomposition to come freely into contact with the substances upon 
which they must operate without undue interference from the harmful products of 
their activity. The active agencies which carry on the process of digestion include a 
wide range of animal and plant forms, among which the bacteria are prominent. 
The water may be likened to a laboratory in which the forces of nature attack and 
render the great variety of waste substances inert. When these wastes are too con- 
centrated, that is, when they are not diluted with a sufficient supply of clean water, 


they pass through undesirable and offensive changes. 
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A question of much practical significance in the disposal of sewage through dilu- 
tion is whether putrefaction has any effect upon the total quantity of oxygen which 
a given volume of sewage requires. It would seem that the laws of chemistry demand 
that a given amount of nitrogenous and obeanie matter require a definite quantity of 
oxygen for its final mineralization irrespective of any changes through which the 
materials requiring oxidation may pass. <A consideration of those changes, however 
incomplete and imperfect as the existing knowledge of them is, shows that putrefac- 
tion may lead to a reduction in the quantity of oxygen needed. Putrefaction pro- 
duces gases and with these gases there are driven into the atmosphere oxygen-demand- 
ing elements, notably carbon and hydrogen, which lessen, by their weight, the weight 
of oxygen which the water must supply. 

Proof of the correctness of this theory has not been afforded by laboratory re- 
search, but a strong presumption in its favor is supplied by the composition of the 
gases and by the fact that most of the gases are inflammable. Viewed in this light, 
putrefaction may be regarded as the natural provision by which the oxygen require- 
ments of decomposable organic and nitrogenous bodies, whether of sewage or other 
origin, may be lessened in natural bodies of water to a point which can properly be 
satisfied by the oxygen present. 

The term organic matter is generally applied rather loosely to indicate the de- 
composable materials in water which require oxygen for their resolution into inert 
mineral compounds, whether these materials are of sewage origin or are derived from 
natural sources. It constitutes those chemical elements which are capable of putre- 
faction when decomposed in the absence of oxygen and those which abstract oxygen 
when decomposition proceeds under ordinary aerobic conditions. 

From a chemical standpoint, organic matter is not necessarily of animal or 
vegetable origin. It can be produced synthetically, as urea and asparagin, for ex- 
ample. Organic chemistry is the chemistry of the carbon compounds and from a 
scientific standpoint it is proper to include as organic matter all, and only, those sub- 
stances which include carbon atoms. If this definition is employed, there will remain 
outside, and in addition to those substances commonly called organic matters, an im- 
portant class of compounds derivable from sewage which demand oxygen for their 
mineralization. These include ammonia and nitrites. In the reports of this Commis- 
sion, the term organic matter is used in its usual and popular sense to include all 
sewage substances, which abstract oxygen from the water. In this way it is hoped 


that much confusion will be avoided. 
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Dissolved oxygen figures are not capable of giving a knowledge of the existence 
of fresh sewage odors. Such odors are often present when large quantities of sewage 
are discharged into natural bodies of water and before decomposition, either of the 
offensive or inoffensive kind, has set in. They are due largely to air entrained in the 
sewers which escapes after the sewage is discharged. Fields of sewage which lie on 
the surface of the harbor water about the sewer outfalls generally give off sweetish, 
greasy odors which are offensive and which bear no relation to the amount of dis- 
solved oxygen which the water contains. Nor are these odors always confined to the 
immediate vicinity of sewer outfalls. The well-mixed water in the center of the 
Lower East river has often been observed to give them off. The smell is particularly 
noticeable in the wake of steamboats whose propellers were churning up the waters 
and sending a fine spray into the air. The amount of dissolved oxygen bears no known 
relation to the existence of the odors of fresh sewage produced in such cases. 

The most important case in which the oxygen figures fail to indicate the exist- 
ence or probability of odor is where relatively clean water flows over the top of 
sludge deposits. This is the most usual cause of the offensive odors which rise from 
sewage pollution. Sludge is concentrated sewage and when it becomes stagnant the 
oxygen is soon exhausted from it, putrefaction sets in and foul-smelling gas is evolved. 
The gas escapes sometimes in very large bubbles which rise through the overlying water 
and escape at the surface, its transit being relatively short. The gas has a strong 
avidity for oxygen and it may or may not materially affect the dissolved oxygen in the 
water through which it passes, according to the amount of gas, the depth of water 


through which it rises, the temperature and other conditions. 


INSUFFICIENCY OF OXYGEN AS A CRITERION OF POLLUTION 


There are some cases in which the dissolved oxygen figure does not afford a 
reliable index either of the existing pollution or the probability of future nuisance. 
For example, when the pollution is recent, a wrong inference may be drawn for there 
may be an abundant supply of oxygen present merely because sufficient time has not 
elapsed to permit the decomposable materials of the sewage to cause a serious drain 
upon the oxygen in the water. If such samples are kept for a time, a further deple- 
tion of oxygen will occur, and the extent of this change, if properly interpreted, will 
give information which is often of great value. 

Dissolved oxygen should not be considered apart from temperature for tempera- 


ture plays an important part in the rate at which digestion proceeds, heat favoring 
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and cold retarding the process. It follows from this that, other things being equal, 
more sewage can be discharged into cold water than into warm water without danger 
that putrefactive changes will occur. The total amount of oxygen required to miner- 
alize organic matters is doubtless the same in each case, but, where the water is cold, 
decomposition may be delayed until the sewage matters have been carried so far and 
been diluted so greatly as to preclude the possibility of nuisance from putrefaction. 

Where the summer temperatures are high, the digestive process may conceivably 
be so greatly accelerated that practically all the decomposition which is possible may 
take place at the point at which the sewage is discharged. The oxygen is consumed 
more rapidly than it can be furnished from the supply originally contained in the 
water or by absorption from the atmosphere. 

Temperature has as great an effect upon the digestion of sludge as upon the ex- 
haustion of oxygen in water, although sludge is always devoid of oxygen. There seems 
to be no exception to the fact that the warmest temperatures of summer facilitate 
both the offensive and inoffensive forms of decomposition. It is worth knowing in 
this connection that the range in temperature which marks the changes of season in 
New York is not so great in the water as in the air, and is much less in the sludge at 
the harbor bottom than in the water which overlies it. 

Evolutions of gas take place throughout the year, although they are particularly 


active in the summer and early autumn months. 


EXTENT TO WHICH THE DIGESTIVE CAPACITY MAY BE UTILIZED 


Proper limits to the extent to which the digestive capacity of the water can be 
utilized for the disposal of sewage should rest upon the digestive capacity of the water, 
aided perhaps, in some cases, by such procedures as dredging. There are many objec- 
tions to dredging as a means of reinforcing the digestive capacity of water for sewage, 
and in a harbor like New York, where deposits of sludge are likely to form in incon- 
venient situations and where they produce nuisance from the beginning of their for- 
mation and through their removal by dredges, this kind of assistance may well be 
disregarded. 

In the opinion of the Commission, the discharge of sewage into New York harbor 
should be so regulated and controlled as not unduly to exhaust the dissolved oxygen in 
the water, leading to the formation of sludge deposits which will cause offense or in- 
terfere with the interests of navigation or produce a considerable injury to the public 
health. 

It will be proper to utilize the digestive capacity of the water within proper 
limits, and provided suitable restrictions are imposed, such as have just been men- 
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tioned and are more adequately dealt with in the Commission’s standard of cleanness 


for the waters, no material harm will result. 


The digestive capacity of the harbor is an asset of great value, permitting large 
savings to be made in the cost of the main drainage and disposal works which the City 
must build for the reasonable protection of its water highways. 

It is impossible by means of oxygen analyses or otherwise to determine exactly the 
digestive capacity of New York harbor. Too many factors enter into the problem to 
permit of a solution so easily made. The area is great and the conditions various. In 
some respects the problem has to be studied as a whole and in others it must be resolved 
into its component parts for investigation. The volumes of sewage produced and the 
volumes of water available for its assimilation differ considerably in different local- 
ities. The necessity for any given degree of cleanness is not the same everywhere. 
The problem is complicated by the oscillating movement of the tide. The measure of 
the digestive eapacity of inland rivers, known as the dilution method, customarily 
used by engineers, does not apply to New York harbor, where the movement of the 
tide makes it impossible to estimate with any reasonable degree of accuracy how much 
water is available for purposes of diluting the sewage. 

The digestion of sewage by water, as relates to New York, has been carefully 
studied by the Metropolitan Sewerage Commission and discussed in a report issued in 
August, 1912. The report is accompanied by the reports of eight sanitary experts who 
were called upon to investigate the situation independently of one another and express 
an opinion as to the restrictions and safeguards which should control the discharge of 
sewage into New York harbor. A summary of the requirements follows: 

1. Garbage, offal or solid matter recognizable as of sewage origin shall not be 
visible in any of the harbor waters. 

2. Marked discoloration or turbidity, effervescence, oily sleek, odor or deposits, 
due to sewage or trade wastes, shall not occur except perhaps in the immediate 
vicinity of sewer outfalls, and then only to such an extent and in such places as may be 
permitted by the authority having jurisdiction over the sanitary condition of the harbor. 

3. The discharge of sewage shall not materially contribute to the formation of 
deposits injurious to navigation. 

4. Except in the immediate vicinity of docks and piers and sewer outfalls, the 
dissolved oxygen in the water shall not fall below 3.0 cubic centimeters per liter of 
water.* Near docks and piers there should always be sufficient oxygen in the water 


to prevent nuisance from odors.+ 


*With 60 per cent. of sea water and 40 per cent. of land water and at the extreme summer temperature of 80 
degrees F., 3.0 cubic centimeters of oxygen per liter corresponds to 58 per cent. of saturation. 


{For modification of Standard of Cleanness as regards oxygen content, see Part III, Chap. I, pages 154 and 218. 
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5. The quality of the water at points suitable for bathing and oyster culture 
should conform substantially as to bacterial purity to a drinking water standard. It 
is not practicable to maintain so high a standard in any part of the harbor north of 


the Narrows, or in the Arthur Kill. 


CALCULATION OF DILUTION REQUIRED 
DILUTION REQUIRED 


As a result of observation and experiment in various parts of the world, en- 
gineers have formed opinions as to the amount of sewage which can safely be dis- 
charged into a natural body of water, such as an inland river or lake. The word 
safely here refers solely to the chance of producing a nuisance, chiefly odor. It has 


no relation to the effect which the sewage may have upon health. 


According to the opinion of American engineers, the dilution must be in the 
proportion of at least 20 or 25 parts of water to one part of ordinary sewage and 
there may be conditions where a nuisance may result where the dilution amounts to 
nearly 50 parts of water to one part of sewage. When the proportion of sewage to 
water is greater than this, the capacity of the water is likely to be overtaxed. These 
supposedly safe ratios of dilution are based upon the assumption that the water with 
which the sewage is mixed is clean and possesses its normal amount of oxygen. Where 


the water is polluted to begin with the necessary dilution must be much greater. 


In the Highth Report of the Royal Commission on Sewage Disposal of Great 
Britain, issued at the end of 1912, it is recommended that where the dilution of sewage 
to water is between 150 and 200 times, the sewage should be purified so that the 
effluent will not contain more than 60 parts of suspended matter per million and that 
only when the dilution exceeds 500 times the volume of sewage should crude sewage 
be permitted to be discharged into a water course. These figures refer to English 
sewage, which is about 6 times as concentrated as American sewage, and to the water 
of inland rivers and lakes, but the Royal Commission holds the opinion that the pro- 
portions hold generally true for tidal waters also. 

It is worthy of note that the observations upon which American and English 
experts base their opinions have been made where sewage has been discharged into 
inland bodies of water. There has been no study of the discharge of sewage into tidal 
estuaries which would permit of safe ratios to be stated with positiveness for salt 


water. Such investigations as have been made indicate that sewage solids settle more 
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rapidly in salt water than in land water, and it is believed that gallon for gallon, land 
water will dispose, in a normal manner, of more sewage than sea water. 

It is not always clear how the dilution of sewage can be calculated in sea water. 
The same, or nearly the same, water often flows backward and forward for days near 
a sewer outfall, while the discharge of sewage is continuous. Under these circum- 
stances the sewage flow is irregular and its calculation is involved in uncertainty. 

Errors which may be made in such calculations include the assumption that: 

(a) The flow of sewage is uniform during the 24 hours. It may vary as much as 
50 per cent. at different hours. 

(6) The flow of tidal water is uniform. It is quite the reverse. Aside from the 
fact that the currents at each turn must gradually slow down to the stopping point 
and then gradually increase to the normal strength of flow, winds, heavy rain, snow 
and intense cold may each produce a decided effect upon the volume of water moving 
in a harbor. 

(c) The sewage matters become immediately and thoroughly mixed with the 
waters. The opposite is the fact. Dispersion and diffusion are difficult to accom- 
plish and consequently there are many kinds and degrees of stagnation. 

(d) The sewage remains sewage after it is well mingled with the water. This is 
not true. Chemical changes at once set in. 

(ce) The waters into which the sewage is discharged are free from pollution to 
begin with. This assumption, however warranted in dealing with an inland river, is 
quite contrary to the fact as related to New York harbor. 

The changes which sewage undergoes when it is discharged into a natural body 
of water should be carefully kept in mind, and the mistake, often made, of assuming 
that the sewage remains and can be reckoned with as sewage after admixture should 
be avoided. In no other way is it possible to obtain an accurate understanding of 
the subject. It is wrong to speak of sewage matters as sewage two or three hours after 
they have been discharged into a tidal estuary. Some of the original ingredients 
may still exist, but the chances are all against the continuance of any of them in an 
unaltered condition except the grosser solids and such others as may be able to per- 


sist in greatly diluted form. 


OXYGEN REQUIRED 


It is impossible to say with any useful degree of accuracy how many pounds of 
oxygen one million gallons of sewage will require in order that the putrefiable in- 
gredients may be rendered inert. The two ways of approaching this subject, that is, 
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by analysis and incubation tests, are, unfortunately, too artificial to show what can 
reasonably be expected in nature. Predictions as to the amount of oxygen which 
would be present if a given quantity of sewage was to be discharged into a given 
quantity of water must, in the present state of knowledge, be considered unreliable. 

But if it is impossible to calculate the oxygen requirements of sewage or express 
in percentages the proportions of sewage to water which may be present throughout 
a harbor, it is feasible to state, in at least approximate terms, the relation which 
exists between the volume of sewage and the volume of water present under various 
circumstances and such calculations may be of some value. They are likely to prove 
of greatest service when they are expressed in a simple way and are used with other 
data as a means of obtaining a general opinion of the case. 

It was in this way, and with all the restrictions and qualifications which a 
knowledge of the situation imposed, that Professor Adeney, in a report to the Metro- 
politan Sewerage Commission, calculated the dilution of sewage in New York harbor. 


(See p. 95, Report Metropolitan Sewerage Commission, August, 1912.) 


CALCULATIONS OF DILUTION 


Taking his data from the published reports of the Commission, Professor Adeney 
calculated that about 59,400,000 cu. ft. of sewage flowed into the whole harbor during 
a tidal cycle of 12 lunar hours. Inasmuch as about 28 per cent. of the water of the 
harbor flowed out on the ebb tide, the same percentage of the contribution of sewage 
would flow to sea at the same time, leaving about 77 per cent. mixed with the harbor 
waters at mean low tide. The quantity of liquid sewage matters subsequently re- 
maining within the harbor would increase with each succeeding tidal cycle until the 
quantity which passed out with the ebb tide became equal to that which drained into 
the harbor during the tidal cycle. This would occur when the total volume of liquid 
sewage, remaining intermixed with the harbor waters at mean low tide had become 
equal to about 195,500,000 cu. ft., which it would do after about 20 tidal cycles. The 
volume of liquid sewage matters passing out of the harbor through the Narrows would 
then continue to equal the volume of liquid sewage matters flowing into the harbor 
during a complete tidal cycle. That is, if 59,490,000 cu. ft. of sewage passed out of 
the harbor with each 12,310,000,000 cu. ft. of ebbing tide, the dilution of sewage to 
water would be in the proportion of 1 to 200 and the dilution to the liquid sewage 
matters remaining in the harbor at mean low tide would be in like proportion. 

Both at the beginning and end of his calculation, Professor Adeney took pains 
to fully explain that this calculation did not, as no calculation could, truly represent 
the facts. 
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In a report by Messrs. Black and Phelps, made to the Board of Estimate and 
Apportionment of New York in 1909, the question of dilution is dealt with at length, 
for it was believed to have an important bearing on the question of dissolved oxygen 
and the authors considered that the oxygen should not fall below 70 per cent. of the 
amount which would be present if the water was saturated with it. 

The sources of the water in each principal part of the harbor were assumed in 
accordance with volumes and velocities stated by the Coast and Geodetic Survey in 
1886, and the proportion of water from each source was apportioned by the authors 
as, in their judgment, seemed correct. For convenience—these volumes were reduced 
to percentages of the whole and each was given a characteristic letter to facilitate 
computation. <A series of equations was derived and the composition of the water of 
each part of the harbor was calculated for various tidal periods. 

These studies were taken by the authors to indicate that the volume of pure sea 
water which entered the harbor between the Narrows and Throgs Neck every 12 hours 
was 29,135 million gallons and that this contained under summer conditions 1,946,218 
pounds of dissolved oxygen. It was considered that if this oxygen were to be reduced 
by sewage to 70 per cent. of saturation, 583,865 pounds would be lost in 12 hours. The 
total volume of water in the harbor within the limits named was taken to be 251,418 
million gallons, and it was stated that if this were reduced to 70 per cent. of sat- 
uration, it would absorb in 12 hours from the atmosphere 0.95 per cent. of its sat- 
uration value of 159,550 pounds. 

The oxygen absorbed from the atmosphere plus the oxygen from the pure sea 
water would give a total of 743,415 pounds of oxygen. Finally, assuming that the 
sewage would be produced at the rate of 100 gallons per capita per day, the authors 
arrived at the opinion that the natural supply of oxygen would be sufficient to care 
for the sewage of a population of 7.4 millions, provided the sewage was discharged at 
the two ocean entrances. 

A study of the dissolved oxygen reduced the difficulty considerably by showing 
how much oxygen has been used up and how much remains, thus giving a better 


knowledge of the water’s capacity for sewage than would otherwise be obtainable. 


STATE OF THE HARBOR WITH RESPECT TO DISSOLVED OXYGEN FROM 
1911 TO 1918 


Since 1909 the Metropolitan Sewerage Commission has given close attention to 
the amount of oxygen present in the water. Floating laboratories have been fitted out 
with every requisite for careful analytical work and these have been sent to all parts 
of the harbor to cellect samples of the water and analyze them. The object of this 
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field work has been twofold: First, to determine the extent to which the digestive 
capacity of the water was being exhausted and, second, to determine how that 
capacity could safely be utilized in the future. 

The degree to which the oxygen is exhausted has been determined by comparing 
the amount of oxygen which is present with the known quantity which would be 
present if the water were unpolluted. The standard for comparison is the amount of 
oxygen which exists in unpolluted water and is called the saturation value. The 
calculation assumes that if it were not for the sewage and other wastes which enter 
the harbor, the saturation values would obtain. Tests of the oxygen in the polluted 
tributaries of New York harbor and in uncontaminated sea water and determinations 
of the ammonias, nitrites and nitrates in New York harbor and elsewhere have proved 
this assumption to be correct. The saturation value is taken from tables based on 
carefully made laboratory experiments. The amount of oxygen in the water is con- 
veniently expressed as cubic centimeters per liter of water and as percentages of the 
saturation value. 

The amount of oxygen present in unpolluted water varies according to the sal- 
inity and temperature of the water. The warmer and salter the water, the less oxygen 
it can contain. These differences are taken into account in calculating the results of 
the analyses. In very careful investigations, it is desirable to give attention to the 
amount of oxygen actually found, as well as to the percentage, because it is the actual 
amount of oxygen and not its relative amount, or percentage of saturation, which 
determines whether the water will, or will not, putrefy. In all the Commission’s 
tables of dissolved oxygen, these two methods of stating the results have been 
employed. 

The samples of water which were tested were obtained in bottles protected by 
special apparatus from contamination by air and represented the exact condition of 
the water at the time and place of collection. The samples were always the best that 
could be obtained at the time and place. In no case have samples been taken at the 
mouths of sewers or within the known reach of currents of exceptionally polluted 
water. Where samples have been collected close to shore, or in particularly polluted 
localities, the results have been excluded from the averages. 

A prompt analysis of the water showed the amount of oxygen which was con- 
sumed by the sewage materials up to the time when the sample was collected. A 
knowledge of the extent to which the sewage materials would exhaust the oxygen, 
when more time was allowed for decomposition, was obtained by keeping the sample 
on hand for some time before examining it. Such storage is termed incubation. -In 


practice the incubated samples were collected at the same time as samples that were 
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analyzed at the time of collection, and then kept for a definite period at a uniform 
temperature without access of air. Several hundred samples of the harbor water 
were incubated by the Commission. In practically all cases the oxygen was greatly 
depleted. 

Changes produced in the oxygen and in other chemical constituents on incubation 


are shown in the tables accompanying this report. 


SUMMARY OF Facts ESTABLISHED TO NOVEMBER, 1911 


The results of the analyses made up to November, 1911, have been published by 
the Commission in its large report of 1912, together with various maps and diagrams 
intended to facilitate an understanding of the facts. The total number of analyses 


reported was 2,342. 


The work done since 1911 makes available the results of 1,868 more analyses and 
it seems desirable that the most important facts contained in this mass of informa- 
tion should be published. 


In the report of 1912, the inner harbor, by which is meant those portions which 
lie north of the Narrows and south of Hell Gate in the East river and Mount St. Vin- 
cent on the Hudson river, was shown to be seriously polluted with sewage. During the 
warm summer months the water at the Narrows averaged 76 per cent., in upper New 
York Bay 70 per cent., in the lower East river about 57 per cent., and that in the 
southern part of the Harlem river about 30 per cent. of the amount which they would 


have held had there been no pollution. 


The water of the incoming tide was better than the water of the outgoing tide, 
but the difference was not great. The tides produced less improvement in the lower 
East river than anywhere else. The upper bay was a great equalizer, so far as oxygen 
was concerned, in this capacity standing between the relatively clean water of the 
lower bay and the heavily polluted East and Hudson rivers and the Kill van Kull in 


this respect. 


Outward flowing currents carry the polluted waters of the Hudson, East river and 
Kill van Kull into the upper bay, where they mix with the cleaner waters left there at 
the end of the last flood tide. On the inward flowing currents, the bay is to some extent 


refreshed by the waters of the ocean which flow in through the Narrows. 


The analyses reported upon up to August, 1912, show that there was little differ- 
ence in the amount of oxygen at different depths. A little more oxygen generally 
existed at the bottom than at the top. Less oxygen existed near the shores than 


farther out in midstream. 
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Owing to the rapidity of the main tidal currents which flow in places at a 
velocity of from 6 to 8 knots per hour, the waters in all the main parts of the harbor 
are well mixed from top to bottom and from side to side except in certain bays and 
between the pierhead lines and the shores. This statement does not refer to the actual 
top, bottom or sides; these are always far more polluted than the water in the main 
body of the stream. It refers to the water which lies from two to three hundred feet 
beyond the pierhead line on one shore to an equal distance from the opposite shore 
and between a point within 5 feet of the top to a depth about 10 feet above the bot- 
tom. At the very top, sides and bottom, the water is far more polluted than any of 
the Commission’s analytical data indicate. In some localities, it is impossible to tell 
such water from sewage itself. Over all the water in the Harlem and Lower Hast 
rivers flow considerable quantities of grease and fecal matters at times. 

There is considerable difference in the freedom with which the tidal currents flow, 
deep bays and comparatively shallow indentations in the shore lines affording oppor- 
tunities for slack water in which the sewage materials gather and remain. Irreg- 
ularities in the bottom sometimes cause extensive upwellings of water in the center of 
the main currents and occasionally a sharp bend in the channel will cause a remark- 
able overturning of the water. 

Overturnings are also caused by strong winds which, blowing along the surface 
force the water at and near the top to the lee shores and pile it up there, the under- 
lying waters flowing outward from beneath to maintain an equilibrium. The continual 
movement of vessels, some of which draw over 30 feet, doubtless has its effect in pro- 


moting the circulation which has been observed. 


The changing temperature of the surface water under the influence of the sun 
and air probably has an effect in producing a vertical circulation which cannot wholly 
be neglected. For six months in the year the surface may be made warmer or cooler 
than the water below and these differences undoubtedly produce an effect upon the 
circulation. 

Tending to prevent a thorough mixture of the sewage with the harbor waters is 
the great weight of the incoming sea water due to its low temperature and its high 
salinity. This weight is relatively greater than the weight of an equal volume of 
sewage and the sea water accordingly tends to sink and remain at the bottom. On 
account of its grease, entrained air, low salinity and higher temperature, the sewage 
has a tendency to stay at the surface of the water where it is discharged. That it 
does not do so any more than is apparent is largely due to the strong mixing action 
produced by the interacting currents in the main tidal channels. 


Although the waters are well mixed in the main tidal channels, sewage which is 
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Dissolved Oxygen in the Water Collected in the Cross-Sections 





discharged near the shores tends to cling there and be carried along by the tide with- 
out promptly mixing with the main body of water in the open channels. The water 
between the slips and piers is often very foul as can be seen not only from analyses, 
but by the unaided senses. The refreshing effect of the tide is less than might be 
expected ; it is least effective where it is most needed ; there is scarcely any perceptible 


effect in the innermost parts of the harbor. 


THE INCREASING EXHAUSTION OF OXYGEN 


The samples collected since November, 1911, represent the condition of the water 
in the principal parts of the harbor within the State of New York. In some cases 
samples were taken within the New Jersey State line. For the most part, the sampling 
was done at cross-sections which experience had shown were capable of giving, with 
the least expenditure of time and money, the most comprehensive knowledge of the 
condition of the water. Some of the sections were in the most imporin parts of 
the harbor as regarded from the standpoint of congestion of population and traffic. 
Others were so located as to command the main tidal currents flowing in and out of 


the harbor. Special interest attaches to the Harlem, Lower East river, Narrows and 
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Location of Cross-Sections where Samples of Water for Dissolved Oxygen Tests were Taken in 1913 
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the mouth of the Hudson river. The location of sections in 1911 and 19138 is shown 
in Fig. 87 and details as to depth of water, etc., are shown in Figs. 38 to 44, inclusive. 
The analyses show that the water is becoming decidedly more contaminated each 


year. This is particularly noticeable in three 





BAYONNE wn 
large groups of analyses made during the two 


months of June and July in 1909, 1911 and 
1913, respectively. Sketch maps of the harbor 
divisions, showing the oxygen in each, are 
given as Tig. 45. 


In order to compare the summer condi- 


Be ae Eu "ie gett tions during June and July of the three years 
mentioned, the oxygen results obtained have 

FIG. 44 been plotted on maps. If more than one 
SBE AS SONA SEAS STEEN analysis has been made at one point, the 


average result has been taken without respect to depth. This was permissible in view 
of the fact that the oxygen did not vary materially with the depth at the points 
selected. The result of the average has been plotted alongside of the point where the 
sample was located on the map. Arrows and small numerals show how many samples 
were taken and whether on ebb or flood currents at each spot. See Maps A, B, C and 
D, following pages 654, 670 and 706. In Figs. 46 to 55, appended to this report, are 
plottings of the data which show the distribution of oxygen throughout a tidal cycle of 
12 lunar hours, and through the cross-sections where analyses were made. 

At the mouths of the Hudson and East rivers, the per cent. of oxygen was in the 





FIG. 45 


Comparison Between the Dissolved Oxygen in New York Harbor Water in the Years 1909, 
1911 and 1913 
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neighborhood of 58 on ebb currents and from 60 to 70 on flood currents during the 
summer of 1909. At the Narrows the per cent. on outgoing currents was from 72 to 
81, and on incoming currents in the neighborhood of 96 per cent. At Throgs Neck 
the oxygen on outgoing currents varied between 87 and 97 per cent. and on incoming 
currents it was often 100 per cent. In Upper New York bay outgoing currents con- 
tained between 58 and 73 per cent., while incoming currents contained between 63 
and 75 per cent. 

In the summer of 1911 the oxygen was less on both outgoing and incoming cur- 
rents than had previously been observed. At the mouths of the Hudson and East 
rivers the outgoing currents contained from 50 to 59 per cent. and incoming currents 
from 54 to 60 per cent. At the Narrows the outgoing currents contained 65 per cent. 
and the incoming currents 83 per cent. Incoming currents in the Kill van Kull con- 
tained from 62 to 66 per cent. In Upper New York bay outgoing currents contained 
from 59 to 65 per cent. and incoming currents from 62 to 70 per cent. At Throgs 
Neck, outgoing currents contained 71 per cent. and incoming currents 84 per cent. In 
the Hudson opposite Mount St. Vincent, about 214 miles north of Manhattan Island, 
the incoming currents ranged from 64 to 72 per cent. and the outgoing currents from 66 
to 83 per cent. of oxygen. 

In the summer of 1913, the range of dissolved oxygen at the mouth of the Hudson 
was from 43 to 53 per cent. on incoming currents and from 47 to 60 per cent. on out- 
going currents. At the mouth of the Lower East river the range was from 39 to 48 
per cent. on incoming and from 31 to 40 on outgoing currents. These figures show 
that the oxygen was becoming markedly depleted in the Lower East river. At the 
Narrows the range was from 67 to 74 per cent. on incoming and from 67 to 78 per cent. 
on outgoing currents. At the Kill van Kull the range was from 64 to 66 per cent. on in- 
coming and from 65 to 67 on outgoing currents. At Throgs Neck from 76 to 85 per 
cent. of oxygen was found on incoming currents and 73 to 83 per cent. on outgoing cur- 
rents. In the Hudson at Mount St. Vincent, incoming currents held from 72 to 95 per 
cent. and outgoing currents from 76 to 85 per cent. of the normal amount of oxygen. 
Upper New York bay in 1913 contained about 70 per cent. on incoming and outgoing 


currents. 

Averaging all the analyses made in the Lower East river except a few in 1909 
in the excessively polluted region of Wallabout bay, it appears that the oxygen in this 
important part of the harbor averaged, during the months of June and July, 62.0 per 
cent. in 1909, 54.6 per cent. in 1911 and 36.6 per cent. in 1913. 

The oxygen in the Hudson opposite Manhattan Island, considering all the analyses 
made between the confluence of the Harlem and the Hudson’s mouth, has been 62.8 per 
cent. in 1909, 64.5 per cent. in 1911 and 52.2 per cent. in 1913. 
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The oxygen figures for the Harlem make no attempt to cover the condition of 
that grossly polluted body of water. The 92 analyses made of this water show that 
the oxygen averaged 47.7 per cent. in 1909, 46.1 per cent. in 1911 and 27.5 per cent. 
in 1918. The data for 1911 represent 18 samples collected on ebb tide in July. 

It will be seen from these figures that all the waters surrounding Manhattan are 
becoming more contaminated as time proceeds and that the change as measured by 
the dissolved oxygen figures is rapid. 

Particular interest attaches to the Lower East river on account of the great 
importance of this congested part of the harbor and because of the great difficulty 
with which the conditions can be improved. In 1913 the average of 15 analyses made 
in the middle of the East river on outgoing currents was 31 per cent. and still lower 
figures than these were found in this locality. At the same point and under the same 
circumstances there was 57 per cent. in the year 1911 and, in 1909, 61 per cent. The 
oxygen had become reduced from about two-thirds to about one-third of the saturation 


value in two years. 


ESSENTIAL Facts RELATING TO THE CROSS-SECTIONS. 


During 1911 and 1913 detailed examinations of cross-sections of the main tidal 
channels of the harbor were made a special feature of the work. From three to five 
points spaced at equal distances apart were taken across the channels, and at each 
point samples were collected from three depths. Sampling usually began near the 
beginning or end of a tide and was continued throughout the succeeding tidal cycle, 
Seven of these cross-sections were studied in 1913, the number of samples collected 
from the most important of them being 167. 

Comparing the work of 1913 with that done in 1911 and stating the case in gen- 
eral terms, the diffusion of the sewage in the water was not as complete in 1913 as it 
was in 1911; the curves plotted from the data show the variations plainly. 

In 1911 there was often a gradual decrease in the effects of pollution at the be- 
ginning of flood currents; in 19138 a rapid rise occurred. The rise in oxygen was not 
only more abrupt, but was not uniform at all points in the cross-section examined. 

Variations in the quality of the water at different depths were often pronounced 
in 1918, whereas such differences were inconspicuous in 1911. 

With the exception of the Hudson river at Mount St. Vincent there was evidence 
of greater pollution in all the cross-sections in 1913 than in 1911. At Mount St. Vin- 
cent there was somewhat more oxygen in 1913 than formerly. At this point the water 
was better during the ebb current than when the current flowed from the direction of 


the sea. It is accounted for by the fact that the sea water brought sewage materials 
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from New York City, whereas the ebb currents were from the relatively little pol- 
luted Upper Hudson. This difference was marked in 1913. In 1911 there was more 
oxygen at the top than at the bottom during flood currents in most parts of the harbor, 
but in 1913 there was slightly more at the bottom and in midstream than at the top. 

There was less oxygen at the mouth of the Hudson river in 1918 than in 1911 and 
the variation was greater in the latter year, both as to the amount of oxygen found at 
different depths and at different points between the shores. In 1911 there was a 
gradual rise in the oxygen following the beginning of flood currents; in 1918 this rise 
was abrupt and marked. 

At the mouth of the East river, the water was much more polluted in 1913 than in 
1911, as measured by the oxygen. At the beginning of flood currents there was a 
sharp rise in the oxygen; a very gradual rise occurred at this place under the same 
tidal conditions in 1911. Whereas in 1911 there had occurred a slight fall in the 
amount of oxygen throughout the ebb current, in 1913 this fall was decided. Of all 
these differences, chief significance attaches to the fact that the Lower East river has 


been growing more and more polluted. 


SUMMARY OF DETAILS RELATING TO SPECIAL LOCALITIES 


The Lower East River.—It is not apparent why the Lower East river should in- 
crease so rapidly in pollution as it has in the last four years. Some increase might 
be expected from the increase in the population whose sewage is directly tributary to 
. this part of the harbor, but the increase would not, apparently, suffice to produce such 
a change in the oxygen figure as has been observed. It is possible that the increasing 
pollution of the Harlem and Upper East rivers, which are immediately tributary to 
the Lower East river, and the polluting effect of the Gowanus Flushing Tunnel, which 
discharges at the mouth of the Lower East river, may account in large part for the 
reduction. 

The condition of the Lower East river calls imperatively for improvement. As 
shown in Preliminary Report No. VI* of this Commission, issued February, 1913, the 
quantity of sewage now discharging into this part of the harbor is very large and 
will greatly increase in future. The ratio of sewage to the excess of water flowing 
seaward was as 1 to 5.9 in the year 1910 and by the year 1940 will be as 1 to 3.2. 

It is probable that there is no other city in the world within whose crowded dis- 
tricts so much sewage is discharged. In 1910 the daily addition of sewage was 264 
million gallons from a population of about 2,000,000. This quantity will increase until 
by the year 1940 it is estimated that there will be discharged into the East river 
between Hell Gate and the Battery 454 million gallons from a population of about 
~ *Part IT, Chap. II, page 46, this report. 
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3,223,000. In addition to this there will be the densely polluted water of the Harlem 
flowing in at each tide. 

The large demand which the sewage makes upon the oxygen in the rest of the 
harbor is doubtless due in part to the polluted water of the East river, in part to the 
sewage which directly enters it and in part to deposits of sewage sludge which lie on 
the bottom. These deposits are stirred up by the movement of vessels and by tidal 
actions and, putrefying, give off products which consume a good deal of the oxygen. 

The report of this commission issued August, 1912, shows the location of the most 
extensive sludge deposits. They are mostly in the more open parts of the harbor. 
Other, if less extensive, deposits exist, notably in the slips and in innumerable quiet 
places around the water front. 

Excepting for the deposits of sludge along the shores, there is practically no 
sludge upon the bottom of the Lower East river. The water of that part of the har- 
bor is deficient in oxygen because of the demand which is made by the sewage which 
directly enters it and because the water which enters it from parts of the harbor which 
are themselves polluted is deficient in oxygen. 

The Harlem River.—Analyses are scarcely capable of showing the condition of the 
Harlem river. An inspection of the water affords far more striking evidence of the 
intensity of pollution. In the neighborhood of 110th Street the water is often so con- 
taminated as to resemble undiluted sewage. The water is turbid and greasy and fecal 
matters are conspicuously present. This appearance sometimes extends from shore to 
shore. The musty, sweetish odors are characteristic of fresh sewage. Deposits of 
sewage materials occur here and putrefy, giving off, in summer, bubbles of gas which 
burst at the surface of the water causing it to resemble the appearance of falling rain. 

The dilution of sewage with water in the Harlem river was, in the year 1910, very 
small, no matter how reckoned. The ratio of the sewage to the net ebb flow of the 
tide, which is the quantity of water which flows in one direction in excess of the water 
which flows in the opposite way was as 1 to 2.2. By the year 1940, the increasing 
amount of sewage will reduce this dilution so that it will be as 1 is to 0.85. In other 
words, by 1940 there will be more sewage entering the Harlem river than water pass- 
ing through that stream. 

The condition of the Harlem is the most serious which confronts the City of New 
York at the present time. Not only is the water objectionable from the standpoint of 
the Harlem itself, but, pouring out alternatively into the Hudson and East river, the 
polluted Harlem adds materially to the pollution of each. Six samples, collected at its 
junction with the Hudson in 1911, when the current was carrying the water of the 


Harlem into the Hudson, contained but 17 per cent. of oxygen, and on another occa- 
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sion when the water was flowing into the East river at Hell Gate the oxygen was about 


as far gone. 


The Upper East River.—The waters of the Upper East river are, as yet, not so 
heavily polluted as to require the immediate construction of extensive sewage disposal 
works. Yet the increasing pollution to which this part of the harbor will be subject 
in the next thirty years leaves little doubt but that the conditions which now exist in 
the Lower East river and Harlem will be repeated unless steps are taken to protect 
the waters. Plans should be adopted for the future without delay. 

Already the water at the west end of the Upper East river has been found to con- 
tain only about 45 per cent. of oxygen when the currents are flowing northward, and a 
long series of analyses at this point made in the summer of 1913 showed that the 
water was never in satisfactory condition. 

Some large sewers discharge into the Upper East river and in the vicinity of 
their outlets the conditions of pollution are very bad. The discharge of the Hunt’s 
Point sewer can often be seen a mile or more away. The existence of popular places of 
recreation in the Upper East river makes it especially desirable to keep this water 


reasonably clean. 


The Hudson River.—Notwithstanding the relatively large amount of water in the 
Hudson available for diluting sewage and in spite of the considerable net discharge of 
this body of water seaward, the condition of the Hudson is fast becoming unsatis- 
factory.. The best water obtainable from this part of the harbor in the summer of 
1911 ranged from 56 to 63 per cent., and results in the vicinity of the lower figure 


have been common. 


The Kill van Kull.—The dissolved oxygen in the Kill van Kull shows plainly the 
pollution to which that part of the harbor is subject. In 1913 the percentage was 
below 70. There was little difference between the quality of the incoming and out- 
going tidal currents; the water which entered this part of the harbor was polluted 


in each case. 
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bg SECTION III 
TABLES OF DISSOLVED OXYGEN IN THE WATER 


INTRODUCTION TO TABLES CXVI, CXVII, CXVIII, CXIX 


The dissolved oxygen found in the year 1911 at various localities, depths and tides, 
have been computed from the data contained in Table XX VII, Report of Metropolitan 
Sewerage Commission, 1912, pages 344-414. In Table CXIX of the present report is 
given a summary of the results of these calculations. Tables CX VI, CXVII and 
CXVIII give the results used in making these averages. 
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TABLE CXVI 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1911 


Averages for various parts of the harbor 


Data for this table are contained in Table X XVII, Report of Metropolitan Sewerage Commission, 1912. 








Location 


Upper bay..<.....> 


Hudson river, below 
Spuyten Duyvil.. 


Hudson river, above 
Spuyten Duyvil.. 
East river, below 
Hell Gate........ 


East river, above 
Hell Gate........ 


Harlem river....... 
Kill van Kull....... 
The Narrows....... 


Gowanus canal...... 
Newtown creek..... 
Wallabout canal.... 
Long Island Sound. 


Newark bay....... 
Passaic river, near 

Newark.......... 
Lower bayiiss 
Buttermilk channel. 


Manhasset bay..... 
Cheesequake creek.. 
Atlantic ocean...... 


























Number | Averages: | Averages: 
of CAG per cent. Samples included in the averages 
analyses | per litre | saturation 
195 4.35 73 92-94, 110-112, 260-274, 349-357, 373-381, 400-402, 841-843, 2038- 
2094, 2098-2109, 2113-2124, 2128-2139, 2143-2154, 2158-2169, 2230- 
2244, 2251-2265, 2275-2276, 2339. 
345 3.47 61 20-22, 137-169, 275-310, 463-522, 538-551, 556-588, 903-947, 1579- 
1683, 2227-2229, 2266-2274, 2316-2318, 2336. 
158 4.91 78 23-52, 170-181, 311-322, 352-355, 589-597, 1948-2037, 2337. 
217 3.06 55 95-106, 113-124, 598-642, 768-812, 815-816, 821-822, 825-828, 952- 
954, 1684-1773, 2338, 2342. 
253 3.99 69 53-91, 107-109, 125-127, 418-462, 523-537, 643-657, 694-699, 728-733, 
955-960, 1894-1947, 2173-2226, 2301-2303, 2306-2308, 2334. 
52 2.28 43 182-225, 833-840. 
78 4.19 72 403-414, 844-855, 1774-1827. 
168 4.43 78 358-360, 382-384, 876-902, 1474-1578, 2095-2097, 2110-2112, 2125- 
2127, 2140-2142, 2155-2157, 2170-2172, 2245-2250, 2287-2292. 
25 1.90 20 12-19, 128-136, 690-693, 948-951. 
8 1.14 17 2319-2326. 
2 1.67 30 2279-2280. 
22 4.74 93 700-705, 722-727, 961-966, 2309-2311, 2333. 
82 3.92 63 415-417, 856-867, 1828-1893, 2335. 
8 0.00 0 868-875. 
44 5.39 97 361-366, 385-396, 734-753, 764-767, 2340-2341. 
68 2.91 54 3-11, 230-235, 240-242, 247-255, 323-328, 333-337, 340-345, 658-663, 
668-679, 684-689. 
16 5.24 97 706-721. 
10 5.44 100 754-763. 
9 5.66 100 367-372, 397-399. 
1760 Total number of samples included in the averages. 


Notse.—The following samples are omitted, having been taken in slips and too near shore: 








Kast river below Hell Gate, 813-814, 817-820, 823-824, 2281-2282, 2304-2305..............20000- 12 

East river above Hell Gate, 2283-2284, 2331-2332. ........ 0: cccececccecccvrcnviecvccseeeesere 4 

Harlem river, 829-832, 2285-2286, 2293-2300, 2327-2330.............0.cccceuccscccesessssseas 18 
Buttermilk channel, 1-2, 226-229, 236-239, 243-246, 256-259, 329-332, 338-339, 346-348, 664-667, 

680-883, 2277-2278, 2312-23152. oo. Pe hs) c ny kode ie be aoe deco le baie ele © egies olnee ona 41 

75 

Trip through Long Island Sound and Boston Harbor, 967-1473............0cceeeeeccvcccccscees 507 

Total omitted : 20.3 oc edad Gh Seta wae cole We ewe a ee wee ek ee ale tone cteier Teale oe 582 

Total included. in averages... ... iss scchd0s oo 2) 4b cote base ala ole bees Ee A 1760 
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Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1911 
Averages of samples taken on Ebb and Flood Currents for various parts of the harbor 


Data for this table are contained in Table X XVII, Report of Metropolitan Sewerage Commission, 1912. 


Hudson river, below 
Spuyten Duyvil. ..|246 |3.51| 62 |20-22, 137-169, 278-310, 463-492,] 99 [3.36] 59 


Hudson river, above 
Spuyten Duyvil...]113 [5.06] 81 |38-52, 170-181, 311-322, 352-355,| 45 |4.55] 71 


i ed 


Fast river, above Hell 


ere ee eee ee eee 


Gowanus canal 
Newtown creek 
Wallabout canal 
Long Island Sound... 


Passaic river, 


Buttermilk channel. . 


Manhasset bay 
Cheesequake creek... 
Atlantic ocean 


Currents 
Ebb Currents 

. ) A ) nw & 
Location © 2.8 vs 3:8 
ele Bad 3 8/0 g).. 8 
m Oath act mM 3 se oo Rm = 
aes B) Hs : ; 5G) BA) 
io S| ton) aS Samples included in the averages Zz sl vals s 
Slee e 148 
< o < ro) 


102 |4.29] 72 |92-94, 260-269, 349-357, 841-843, 
2038-2047, 2050, 2053, 2098-2109, 
2113-2124, 2143-2154, 2158-2169, 
2251-2265, 2276, 2339. 


538-551, 556-588, 918-947, 1579- 
1608, 1654-1683, 2266-2274, 2336. 


589-597, 
2337. 


1948-1977, 2008-2037, 





Flood Currents 


Samples included in the averages 


93 |4.43) 73 |110-112, 270-274, 373-381, 400-402, 


2048-2049, 2051-2052, 2054-2094, 
2128-2139, 2230-2244, 2275. 


275-277, 493-522, 903-917, 1609- 


1653, 2227-2229, 2316-2318. 


23-87, 1978-2007. 


115 |2.96] 53 |95-106, 613-642, 768-782, 815-816,|102 |3.17| 57 
821-822, 825-828, 952-954, 1684— 
1698, 1744-1773, 2338, 2342. 


115 |4.45] 77 168-91, 107-109, 643-657, 728-733,|138 |3.60] 62 
955-960, 1921-1947, 2173-2181, 
2200, 2209-2226, 2301-2303, 2306— 
2308. 
182-203. 30 |2.43] 46 
844-855, 1783-1800. 48 14.25] 73 
358-360, 876-902, 1474-1485, 1519-| 50 [4.94] 86 
1578, 2110-2112, 2125-2127, 2155- 
2157, 2170-2172, 2248-2250, 2287. 










948-951. 21 1.94) 35 
No samples on ebb current. 8 {1.14} 17 
No samples on ebb current. 2 |1.67| 30 
722-727, 961-966, 2309-2311. 7 15.12] 92 
856-867, 1828-1830, 1833-18438, 1859-| 42 |3.94| 63 
1871, 2335. 

0.00 868-875. —|—|— 
5.04 361-366, 2340-2341. 36 15.46} 99 
2.79 3-11, 230-235, 240-242, 247-255, 674—| 29 |3.07] 58 

679, 684-689. 
5.09 706-713. 8 15.41] 99 
— | — | — |No samples on ebb current. 10 |5.44/100 
6 |5.61]100 |367-372. 3 |5.76|100 


113-124, 598-612, 783-812, 1699- 
1743. 


53-67, 125-127, 418-462, 523-537, 
694-699, 1894-1920, 2182-2199, 
2201-2208, 2334. 


204-225, 833-840. 

403-414, 1774-1782, 1801-1827. 

382-384, 1486-1518, 2095-2097, 2140- 
2142, 2245-2247, 2288-2292. 


12-19, 128-136, 690-693. 

2319-2396. 

2279-2280. 

700-705, 2333. 

415-417, 1831-1832, 1844-1858, 1872- 
1893. 


No samples on flood current. 

385-396, 734-753, 764-767. 

323-328, 333-337, 340-345, 658-663, 
668-673. 

714-721. 

754-763. 

397-399. 
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TABLE CXIX 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1911 
Summary of Tables CX VI, CXVII and CXVIII 


Data for this table are contained in Table XX VII, Report of Metropolitan Sewerage Commission, 1912. 








Depths Currents 
All Depths 
and Tides ; 
Surface Mid-depth Bottom Ebb Flood 

Location CO jes} (8 igs 12 [ysl Ces) Ol ee ee 
we BIO OSS. BIO CLES. BIO o] SSL BIO o| PSI. BlO 2] PRI. alo | OS 
Om]... pink) Om]..4/ nm HH] 0 m]..6/ mH] Om]... 61m Hl] O D].- Sil m HI] O wa].. ] m & 
Pl om) OB). mlm) OS) bl ne] OS] bl a] OS! bl aia] oS] bp) a] os 
ae: So ky a 3 238 5 by a3 oa Bo fy a3 care 50 by a 3 o's B0 fy ae os BO fy as 
af ES) 5.2/7 8) £6) S27 &) BAS)" GE Blo 2/“ 8/8 8) 21% Sl 2 Bl so 
5 \48| 12 (48 (2 |48) |S 48) 0 ee eee 
Upper Dayna ieee cee 195 |4.35} 73 | 68 |3.93] 71 | 60 |4.48) 75 | 67 |4.68] 73 |102 |4.29) 72 | 98 |4.43] 73 
Hudson river, below Spuyten Duyvil |345 |3.47] 61 |119 |3.53) 62 |109 |3.38] 60 {117 |3.47| 62 |246 |3.51) 62 | 99 /3.36} 59 
Hudson river, above Spuyten Duyvil |158 |4.91] 78 | 54 |5.18] 82 | 51 |4.78) 76 | 53 |4.76] 67 [113 |5.06) 81 | 45 |4.55) 71 
East river, below Hell Gate........ 217 |3.06| 55 | 75 |3.04] 54 | 73 |3.06| 55 | 69 13.08] 55 {115 (2.96) 53 |102 |3.17| 57 
East river, above Hell Gate,....... 253 |3.99] 69 | 85 |4.00} 69 | 84 3.99) 69 | 84 {3.98} 69 115 |4.45) 77 |138 |3.60) 62 
Harlem yiveri..<,. as oiiaben were 52 |2.28) 43 | 26 |2.27| 42 | — | — | — | 26 2.28] 48 | 22 |2.06] 38 | 30 |2.43) 46 
Kall van Kula oc. o. cna soe 78 |4.19] 72 | 26 |4.07| 70 | 26 |4.26) 73 | 26 |4.29] 74 | 30 |4.16) 72 | 48 |4.25) 73 
The Narrows: -..7,. nen aaa ee 168 |4.43] 78 | 56 |4.37| 76 | 56 [4.48] 79 | 56 |4.48} 79 {118 |4.22| 74 | 50 |4.94) 86 
Gowanus canalix< aac. a eae 25 {1.90} 20 | 12 |1.74] 32 | 10 |1.97] 36 | 3 |2.31) 43 | 4 |1.68) 31 | 21 |1.94) 35 
Newtown.creek::.... 22500007 mera 8 {1.144 17 | 411.14) 17 | —|—]—y] 4 41.144 17 | —}]—]—]| 8 i1.14 17 
Wallabout canal. -2..734).0 eee 2 |1.67) 30 | 1 {1.67} 30} —|— |— | 1 |1.67) 830 | — | — |] —] 2 }1.67| 30 
Long Island Sound 72's 34. 06 32 eee 22 |4.74) 93 | 8 15.32) 94] 7 14.42) 93 | 7 |4.42) 93 | 15 |4.70| 94 | 7 |5.12) 92 
Newark ‘bay siet (2s, we eee 82 |3.92} 63 | 38 (3.93) 63 | 8 13.90] 64 | 36 |8.93] 63 | 40 {3.90| 64 | 42 |3.94) 63 
Passaic river, near Newark......... 8 10.00} O} 4 |0.00; 0} —}]—j|—] 4 |0.00; O} 8 j0.00) 0} —}]—j— 
Lower bay 3c rier oe eee . | 44 15.39] 97 | 20 [5.49] 97 | 6 [5.16] 94 | 18 |5.35] 98 | 8 [5.04] 87 | 36 [5.46] 99 
Buttermilk channel....... Be otea tae 68 {2.91} 54 | 23 {2.70} 50 | 22 |3.00) 56 | 23 |8.03} 59 | 39 |2.79) 52 | 29 |3.07| 58 
Manhasset bay..cd:jceenece ee 16 15.24; 97 | 8 15.24) 97 | — |e] — |] 8 [5.24] 97 |] 8 15.09] 95 | 8 |5.41) 99 
Cheesequake creek...............- 10 {5.441100 5 |5.44)100 | — je-=| — ] 5 15.44]/100 | — | — | — | 10 ]5.44/100 
Atlantic ocean: .:)).n2 eee t..] 9 15.66]/100 | 3 |5.66]100 | 3 |5.66)100 | 3 |5.66/100 | 6 |5.61/100 | 3 |5.76)100 
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in 1911 
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DISSOLVED OXYGEN IN THE WATER 655 


INTRODUCTION TO TABLES CXX, CX XI, CXXII, CXXIII, CXXIV 

The analyses for oxygen made in the year 1912 were made in the same manner and 
by the same persons as in the years 1909 and 1911. The total number taken was less 
than in either of the two previous years, and the averages shown in Tables CXXI, 
CXXII, CX XIII and CXXIV may not be as truly representative of mean conditions 
as those obtained in other years and from a larger number of samples. The results found 
from analyses made at various localities, depths and tides have been computed from 
data contained in Table CXX, and are given in Tables CX XI, CXXII and CXXIII. 


In Table CX XIV is given a summary of the results of these calculations. 
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DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CXX 


VOLUME AND PERCENTAGE OF SATURATION OF DISSOLVED OXYGEN IN THE WATER 


IN THE YEAR 1912 


TABLE OF CONTENTS 


Section Date of 
No. Location Collection Page 
1 East river, Hudson river; Upper bay and Narrows7s....2, 0254 «cc. skh dulds eee cna ce ee ee Feb, 27, 1912..... 657 
2 East river, Hudson river, Upper bay, Kill van Kull and Narrows..................ceccecceeceees Mar. 4,1912..... 657 
3 East river, Hudson river, Upper bay, Kill van Kull and Narrows.................2cecceccecceses Mar. °5, 1912225, 657 
4 Fast river, Hudson river, Upper bay, Kill van Kull and Narrows.................ececceeceececes Mar. 14, 1912. tees 658 
5 East river, Hudson river, Upper bay, Kill van Kull and Narrows.................2cceccecceceees Apr... 3, 19123. 02. 658 
6 Passaic river at West Arlington and at Newark,.N. J.. <0... «so see mn: «550+ oh ds Mies Aion eee Apr. 5,1912..... 659 
7 Hudson river and East, river... 0. sce ec eee ce be ses 04s eed « sip tgs oldie p vin eaten vane miele lteter 659 
8 East river, Hudson river, Upper bay, Kill van Kull and Narrows................0ccccececeececes June 13, 1912..... 659 
9 Narrows, Kill van Kull, Upper bay, Hudson river and East river..............0ccccececcccececes June 13, 1912..... 660 
10 East river, Hudson river, Upper bay, Kill van Kull and Narrows...................00ececceceees July 11, 1912..... 660 
11 East river, Hudson river, Upper bay, Kill van Kull and Narrows............. 0000 eceeceeceeceess July 24,1912..... 661 
12 Gowanus canal and De Graw st. slip, Brooklyn...i..... 60s. s6csc vu ncciccdeucuns secs seen Aug. 18, 1912..... 661 
13. Slips nm Hudson river and Harlem tiverce. .65.. 0. csv ke 4 mag cs aintas ie wigiae tee ee Aug. 16, 1912..... 661 
14 Hudson. river, Cross-section at: Pier Ay. c.c0 53's once siseia Meee ages g nse oi oie oa eit ee Sept. 13, 1912..... 662 
15 East river, Cross-section below Brooklyn Bridge.) 30.0... foc cused sn colvet cogs oes a oil yroetel en eee Sept. 26, 1912..... 663 
16. Cross-section of the Narrows oi.o..0 05h. osu os seo nuk ose pave 0s + almtayy-v viene Star ties rahe ls Star ean Oct. 4, 191224.5, 664 
17 East. river, Cross-section’ below Brooklyn Bridge... .. 20. sck ose as-c oop atelee souls ce aia se ieee ene Nov. 26, 1912..... 665 
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TABLE CxXX 
1—EAST RIVER, HUDSON RIVER, UPPER BAY AND NARROWS. FEBRUARY 27, 1912 


High water occurred at Governors Island at 3.00 P. M. Low water at 11.10. The wind was northwest, with a ve ou 
40 miles per hour. 


. Oxygen 
Location of Samples 


Feet . Temp. 
Sample | Hour Tidal P- | cent. Per 
ES lhe allt Tg AR a ga CR bearish current catching land C. C. cent, 
; 8 + | water fa satura- 
Approximate Latitude |Longitude ag! tion 
°o , v ° 4 ” 

1 | 10.30 |East river, midstream, at Brooklyn 
ISS eres pet Min iat es ea a re 40 42 20 |73 59 48 1 Ebb 2.2 24 | 6.57 80 

2 | 10.40 |East river, midstream, at Brooklyn 
BVOC Ore rsteys hs vitei eae ek cs os eeuentiere 40 42 20 |73 59 48 30 Ebb 3.3 24 | 6.57 80 

3 | 11.30 |Hudson river, midway between Pier A 
and C. R.R. of N. J. ferry......... 40 42 19 |74 01 34 1 Ebb 2.8 34 | 6.57 80 

4 | 11.40 |Hudson river, midway between Pier A 
ARO OL Ne So LOITy. os): «5 oie 40 42 19 |74 O1 34 30 Ebb 2.8 34 | 6.57], 80 

P.M: 
5 | 12.30 |Narrows, midway between forts...... 40 36 25 |74 02 48 1 End of 

Ebb 2.8 PN ee delay f 92 
6 | 12.40 |Narrows, midway between forts...... 40 36 25 |74 02 48 60 Flood 3.3 16340 771 98 

7 1.15 |Upper bay, near Robbins Reef bell 

PUG are remem kis bac. faite Celie 40 39 10 |74 03 50 1 End of 


Ebb 2.8 32 | 7.14 87 
8 1.25 |Upper bay, near Robbins Reef bell 
BU rele ectin ease elas boty wk 40 39 10 |74.03 50 40 Flood 2.8 28 | 7.28 89 


2—EAST RIVER, HUDSON RIVER, UPPER BAY, NARROWS AND KILL VAN KULL. MARCH 4, 1912 


High water occurred at Governors Island at 8.40 A. M. Low water at 3.15 P. M. The wind was east, with a velocity of 
5 miles per hour. 


A.M. 
9 | 10.30 |East river, midstream, at Brooklyn 
LEO Oo ahi i A ol SE 40 42 20 |73 59 48 1 Ebb 1.7 24 | 6.57 79 
10 | 10.35 |East river, midstream, at Brooklyn 
PBN tected iteate wos Teg « vislohe as 40 42 20 |73 59 48 30 Ebb 2.2 24 | 6.57 80 
11 | 11.00 {Hudson river, midstream, off Pier A. .|40 42 19 |74 O1 34 1 Ebb 1.1 32 | 6.86 81 
12 | 11.05 {Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 30 Ebb 1.7 32 | 6.86 82 


ee eee ee ee ee Oe ee ee SSS 


13 | 11.30 [Upper bay, near Robbins Reef bell 

SS ae EAE OS on oe 40 39 10 |74 03 50 1 Ebb 1.1 24 | 7.14 85 
14 | 11.35 |Upper bay, near Robbins Reef bell 

COMTI Reise ca ke cok et eRe 40 39 10 |74 03 50 40 Ebb 157, 24 | 7.14 86 
15 | 12.00 |Kill van Kull, midstream, at Sailors 


bi ite Bau Harbors. sieve feries slam eens 40 38 50 |74 06 25 1 Ebb 1.1 36 | 7.14 83 

16 | 12.05 |Kill van Kull, midstream, at Sailors 
ergy Harbor ccts.. stoie sae tl cote 40 38 50 |74 06 25 30 Ebb thee | 36 | 7.14 84 
17 1.00 |The Narrows, midway between forts. .|40 36 25 |74 02 48 1 Ebb iA 22 | 7.43 88 
18 1.05 |The Narrows, midway between forts. .|40 36 25 |74 02 48 60 Ebb 1 22 | 7.43 88 





3—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. MARCH 6, 1912 © 


High water occurred at Governors Island at 9.15 A. M. Low water at 3.45.A.M. The wind was southeast, with a velocity of 
10 miles per hour. 


A.M. 
19 6.05 |East river, midstream, at Brooklyn 


PMAQG fc Tobin ws steel tartine at Meare 40 42 20 |73 59 48 1 Flood 0.6 28 | 6.86 80 

20 6.10 |East river, midstream, at Brooklyn 
BAGS secs oa creck ates 40 42 20 |73 59 48 30 Flood ie | 28 | 6.86 80 
21 6.25 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 1 Flood 0.6 32 | 7.00 81 
22 6.30 {Hudson river, midstream, off Pier A..|40 42 19 |74 01 34 30 Flood ek 32> | -¢.00 82 
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TABLE CXX—Continued 
8—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. MARCH 65, 1912—Continued 





Location of Samples 


Feet . Temp. 
Tidal 
current Dan € land | C. C.| cent. 


below 


Sample | Hour 
A.M. surface 


No. 


Approximate Latitude | Longitude 


ee | ac fp Lf A fa fa | | | | | 


° , v Q ‘ " 


23 7.00 |Upper bay, near Robbins Reef bell 

DUO ees e Hele coherent col Ae nea 40 39 10 |74 03 50 
24 7.05 |Upper bay, near Robbins Reef bell 

buOY 2 Fae eres lauie kee eee 40 39 10 {74 03 50 
25 7.30 {Kill van Kull, midstream, at Sailors 


Snug Harbors. sins sae ee ceeee 40 38 50 (74 06 25 
26 7.35 |Kill van Kull, midstream, at Sailors 
Snug: Harbors ac see oc ceteris 40 38 50 |74 06 25 


a ff a a a ff 


27 8.10 |The Narrows, midway between forts. .|40 36 25 |74 02 48 
28 ‘| 8.15 |The Narrows, midway between forts. .|40 36 25 |74 02 48 





4—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. MARCH 14, 1912 
High water occurred at Governors Island at 6.30 P. M. Low water at 12.20 A.M. The wind was southwest, light. 


A.M. 
29 | 11.15 |East river, midstream, at Brooklyn 
Bridge. 05 cantata. 8 csi cnc eee 40 42 20 |73 59 48 1 
30 | 11.20 |East river, midstream, at Brooklyn 
Bridge. eee ee ae 40 42 20 |73 59 48 30 
31 | 11.50 |Hudson river, midstream, off Pier A..|40 42 19 {74 01 34 1 
32 | 12.00 |Hudson river, midstream, off Pier A. ./40 42 19 |74 O1 34 30 
P.M. 
33 | 12.30 |Upper bay, near Robbins Reef bell 
DWOY seas or eke mere 40 39 10 |74 03 50 1 
34 | 12.40 |Upper bay, near Robbins Reef bell 
DUGV eatin a tan cone erase sitar 40 39 10 |74 03 50 40 
35 1.10 {Kill van Kull, midstream, off Sailors 
Snug Harbor... slack meweeuuwas oe 40 38 50 |74 06 25 1 
36 1.20 |Kill van Kull, midstream, off Sailors 


Snug Marbor.5< vas dieser ceri 40 38 50 |74 06 25 40 


— | SS. | eee | | | | | | | | J | 


37 1.50 |The Narrows, midway between forts. .|40 36 25 |74 02 48 1 
38 2.00 |The Narrows, midway between forts. .|40 36 25 |74 02 48 60 





5—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. APRIL 3, 1912 


High water occurred at Governors Island at 9.20 A. M. Low water at 3.50 P. M. The wind was northwest, with a velocity 
of 30 miles per hour. 


A.M. 
39 8.50 |East river, midstream, at Brooklyn 
Bridge ve die cos re akne mete bane 40 42 20 |73 59 48 1 Flood 6.1 12:21 Oude 82 
40 9.00 |East river, midstream, at Brooklyn 
Bridge. sSo ccc coma Sete eee ae 40 42 20 |73 59 48 30 Flood 6.1 68 | 6.57 81 
41 9.30 |Hudson river, midstream, off Pier A../40 42 19 |74 01 34 1 Ebb 5.6 88 | 7.43 85 
42 9.40 |Hudson river, midstream, off Pier A..|40 42 19 |74 01 34 30 Flood 6.1 68 | 6.80 83 


——_——~ | | | | | | SS | | | 


43 | 10.05 |Upper bay, near Robbins Reef bell 


DUO Y ez Ree ee cee eae 40 39 10 |74 03 50 1 Flood 6.1 64 | 7.28 90 
44 | 10.15 |Upper bay, near Robbins Reef bell 

DiOY oa « cases scree pga ere 40 39 10 |74 03 50 40 Flood 6.1 44 | 7.00 90 
45 | 10.30 |Kill van Kull, off Sailors Snug Harbor.|40 38 50 |74 06 25 1 Flood 6.1 64 | 7.00 87 
46 | 10.40 |Kill van Kull, off Sailors Snug Harbor./40 38 50 |74 06 25 40 Flood 6.1 52 | 6.86 87 
47 | 11.00 |Narrows, midway between forts...... 40 36 25 |74 02 48 1 Flood 6.1 56 | 7.71 97 
48 | 11.10 |Narrows, midway between forts...... 40 36 25 |74 02 48 60 Flood 6.1 40 | 7.57 98 





Sample 


No. 


Hour 
P. M. 
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TABLE CX X—Continued 
5—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. APRIL 3, 1912—Continued. 


Location of Samples 


Approximate 


Latitude 


Longitude 
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_—_———|==[——$<—<—<— —— | eee < 


Narrows, midway between forts...... 
Narrows, midway between forts...... 


40 36 25 


Kill van Kull, off Sailors Snug Harbor./40 38 50 
Kall van Kull, off Sailors Snug Harbor .|40 38 50 
Upper bay, near Robbins Reef bell buoy|40 39 10 
Upper bay, near Robbins Reef bell buoy|40 39 10 
Hudson river, midstream, off Pier A. .|40 42 19 
Hudson river, midstream, off Pier A. ./40 42 19 


East river, midstream, at Brooklyn 


LETHE FZ aie aha Shoe eae ae eae eee 40 42 


East river, midstream, at Brooklyn 


EVEN OG Fa gi ciae gt htvica aly ws. Rava oes 40 


42 20 








6—PASSAIC RIVER AT WEST ARLINGTON AND AT NEWARK, N. J. APRIL 


74 02 48 
74 02 48 
74 06 25 
74 06 25 


High water occurred at Governors Island at 11.40 A. M. The wind was northwest, light. 


A 


B 


59 
60 


61 
62 
63 
64 
65 





M. 
12.00 |Passaic river, at Erie R.R. trestle, West 


P.M 


Co 


Arlington, N. J 


1.30 |Passaic river, about 100 yards below 


A.M. 
10.30 
11.30 








Penn. R.R. passenger bridge....... 





40 45 18 |74 09 55 | Surface 


40 44 48 |74 09 56 | Surface 








7—HUDSON RIVER AND EAST RIVER. APRIL 16, 1912 


Low water occurred at Governors Island at 1.30 P. M. The wind was northwest, light. 





Hudson river, off end of Pier A....... 
East river, off end of Pier 4.......... 








40 42 16 
40 42 01 





74 01 09 
74 00 38 


























“ Oxygen 
er 
te a: Tidal ae cent C.c Per 
parlade current TiesG land ; cent. 
oy water itr satura- 
tion 
1 Ebb 6.1 84 7.43 88 
60 Ebb 6.1 68 7.14 87 
1 Ebb 6.1 80 7.28 86 
40 Ebb 6.1 68 7.00 85 
1 Ebb 6.1 84 7.28 86 
40 Ebb Gal 64 6.86 85 
1 Ebb 6.1 94 Thats 88 
30 Ebb 6.1 92 C.50 88 
1 Ebb 6.1 72 Gar 82 
30 Ebb 6.1 64 6.43 80 
5, 1912 
Slack 10.0 100 7.00 88 
Slack 10.0 100 4.14 52 
Surface Ebb 10.0 60 6.49 88 
Surface Ebb 10.0 52 Al 79 














8—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND THE NARROWS. JUNE 13, 1912 


High water occurred at Governors Island at 7.00 P. M. Low water at 1.10 P. M. The wind was northwest, with a velocity 
of 35 miles per hour. 


A.M. 
10.10 


10.15 
10.30 
10.40 
11.15 





East river, midstream, at Brooklyn 
HASTAC Noes devel. mers <ihatass naa tee 
East river, midstream, at Brooklyn 
Agro Ges Sot he ane 
Hudson river, midstream, opposite 


N Bitchy Veta Wee hn MR SEC ME oe aa 40 


Hudson river, midstream, opposite 
IGT PAR co. See ace) Gone ee Ree 
Upper bay, near Robbins Reef bell 


40 42 20 
40 42 20 
42 19 
42 19 
40 39 10 


73 59 48 
73 59 48 
74 01 34 
74 O01 34 
74 03 50 


Ebb 
Ebb 
Ebb 
Ebb 
Ebb 





65 
64 
74 
74 
70 


—— J — | eee | | | | | | | 


11.20 


11.30 
11.35 
11.55 
12.00 


Paper bay, near Robbins Reef bell , 


i 


0 39 10 


u 
Kill van Kull, off Sailors Snug Harbor.|40 38 50 
Kill van Kull, off Sailors Snug Harbor.|40 38 50 
40 36 25 
40 36 25 


Narrows, midway between forts...... 
Narrows, midway between forts...... 


74 03 50 
74 06 25 
74 06 25 
74 02 48 
74 02 48 


Ebb 
Ebb 
Ebb 
Ebb 
Ebb 
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TABLE CX X—Continued 
9—THE NARROWS, KILL VAN KULL, UPPER BAY, HUDSON RIVER AND EAST RIVER. JUNE 13, 1912 





L f Sampl ah 
ocation of Samples ea et Ne 
Sample | Hour ane Tidal Bee Ica) te 
No. | P.M. surface | Current Deg. C. per ee 
; : : litre | Satura- 
Approximate Latitude | Longitude tion 
es ns Cana aa aaa nema inna Ney) TY) I. rT 
71 2.30 |Narrows, midway between forts...... 40 36 25 |74 02 48 1 Flood 17.2 4.80 80 
72 2.35 |Narrows, midway between forts...... 40 36 25 |74 02 48 60 Flood 16.7 4.90 81 
73 3.10 |Kill van Kull, off Sailors Snug Harbor.|40 38 50 |74 06 25 1 Flood 17.2 4.39 73 
74 3.15 |Kill van Kull, off Sailors Snug Harbor./40 38 50 |74 06 25 40 Flood 16.7 4.39 71 
75 3.40 |Upper bay, near Robbins Reef bell 
DUO WR vce es de cee eae 40 39 10 |74 03 50 1 Flood 17.2 4.29 71 
76 3.45 Upper bay, near Robbins Reef bell 
buoy. 26. Geers aes ee eee 40 39 10 |74 03 50 40 Flood 16.7 4.29 71 
77 4.10 |Hudson river, midstream, opposite 
Pier iAc 2s. Je vitae aie te ee eens 40 42 19 |74 O01 34 1 Flood 17.2 4.19 69 
78 4.15 |Hudson river, midstream, opposite 
PhersAn, ob talgise ol oe A eee 40 42 19 |74 01 34 30 Flood 16.7 4.19 68 
9 4.30 |East river, midstream, at Brooklyn 
Bridge .a ceca (aera ares 40 42 20 |73 59 48 1 Flood 17.2 3.68 60 
80 4.35 |East river, midstream, at Brooklyn 
Bridges, Sp Sica fae ee 40 42 20 |73 59 48 30 Flood 16.7 3.68 61 


10—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. JULY 11, 1912 


High water occurred at Governors Island at 5.30 P.M. Low water at 11.55 A.M. The wind was southwest, with a velocity 
of 10 miles per hour. 





) [ast river, midstream, at Brooklyn 














Bridges: Sickgc aes: eee ere 40 42 20 |73 59 48 1 Ebb 23.6 24 | 2.40 46 
82 9.10 |East river, midstream, at Brooklyn 

Bridges ce Pil pane rca ie 40 42 20 |73 59 48 30 Ebb 23.6 24 | 2.40] 46 
83 9.30 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 1 Ebb 23.9 36 | 2.90 54 
84 9.40 |Hudson river, midstream, off Pier A. ./40 42 19 |74 01 34 30 Ebb 23.6 36 | 2.80 52 
85 | 10.10 |Upper bay, near Robbins Reef bell 

DUOV Ae aeons re eee ec tee 40 39 10 |74 03 50 1 Ebb 23.9 26 | 3.00 57 
86 | 10.15 Wonee, bay, near Robbins Reef bell 

DUOy ise ate a sel Reta corey op 40 39 10 |74 03 50 40 Ebb 23.6 26 | 3.10 59 
87 | 10.30 |Kill van Kull, off Sailors Snug Harbor.|40 38 50 |74 06 25 1 Ebb 23.9 30 | 3.10 58 
88 | 10.40 |Kill van Kull, off Sailors Snug Harbor.|40 38 50 |74 06 25 40 Ebb 23.9 30 | 3.10 58 
89 | 11.15 |The Narrows, midway between forts. ./40 36 25 |74 02 48 1 Ebb 23.9 26 | 3.20 61 
90 i a The Narrows, midway between forts. .|40 36 25 |74 02 48 60 Ebb 23.6 24 | 3.30 63 
91 1.30 |The Narrows, midway between forts..|40 36 25 |74 02 48 1 Flood 23.9 22 | 3.90 75 
92 1.35 |The Narrows, midway between forts. .|40 36 25 |74 02 48 60 Flood 23.6 22 | 4.00 77 
93 2.00 |Kill van Kull, off Sailors Snug Harbor ./40 38 50 |74 06 25 1 Flood 23.9 26 | 3.20 61 
94 2.05 |Kall van Kull, off Sailors Snug Harbor .|40 38 50 |74 06 25 40 Flood 23.9 26 | 3.20 61 
95 2.30 |Upper bay, near Robbins Reef bell 

DUOYin bE nice Gee oe be ae ee ae 40 39 10 |74 03 50 1 Flood 23.9 24 | 3.50 67 
96 2.35 |Upper bay, near Robbins Reef bell 

DUOY =)... See tae oe eee 40 39 10 |74 03 50 40 Flood 23.6 24 | 3.50 67 
97 3.05 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 1 Flood 23.9 26 | 3.00 57 
98 3.10 |Hudson river, midstream, off Pier A. ./40 42 19 |74 01 34 30 Flood 23.9 26 | 3.10 59 
99 3.30 |East river, midstream, ‘at Brooklyn 

Bridge.5.. <8 a ee ee 40 42 20 |73 59 48 1 Flood 23.9 24 | 2.60 50 
100 3.35 |East river, midstream, at Brooklyn 

Bridge..:;.3...80 toss ee eee 40 42 20 |73 59 48 30 Flood 23.9 24 | 2.60 50 


DISSOLVED OXYGEN IN THE WATER 661 


TABLE CXX—Continued 
11—EAST RIVER , HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. JULY 24, 1912 


High water occurred at Governors Island at 5.30 P. M. Low water at 10.40 A.M. The wind was northwest, with a velocity 
of 10 miles per hour. 





Location of Sampl P as 
cation of Samples Pe dt Raced 
Sample} Hour oa Tidal eons cent. C Per 
o | A.M surface | Current Deg “o. Jang sia: er | cent. 
, water ite satura- 
Approximate Latitude | Longitude tion 
ee ee ees eT | ano) ple lo” ris | see laeem eee oben [Oh 
101 9.30 |East river, midstream, at Brooklyn 
NISC ee es eas, en sieco ie < 40 42 20 |73 59 48 1 Ebb 21.7 22 | 2.50 46 
102 9.35 |East river, midstream, at Brooklyn 
EEE Ee ga eg ae a 40 42 20 |73 59 48 30 Ebb idl keyg 22 | 2.50 46 
103 | 10.00 |Hudson river, midstream, off Pier A. .|40 42 19 |74 O01 34 1 Ebb 21.7 34 | 3.10 55 
104 | 10.05 |Hudson river, midstream, off Pier A. ./40 42 19 |74 01 34 30 Ebb di Weg 30 | 3.00 55 
105 | 10.385 |Upper bay, near Robbins Reef bell 
Deni en en ae ee re Satie 40 39 10 |74 03 50 mt Ebb 21.7 24 | 2.90 53 
106 | 10.40 Upser bay, near Robbins Reef bell 
Pee ee eee. ad cs ales ees 40 39 10 |74 03 50 40 Ebb IML o 24 | 2.90 53 
107 | 11.15 |Kill van Kull, off Sailors Snug Harbor ./40 38 50 |74 06 25 1 Ebb 21.7 32 | 3.40 61 
108 | 11.20 {Kill van Kull, off Sailors Snug Harbor./40 38 50 |74 06 25 40 Ebb 21.7 32 | 3.30 60 
109 | 11.45 |The Narrows, midway between forts. .|40 36 25 |74 02 48 1 Ebb | 21. 22 13.40] 62 


111 1.50 |The Narrows, midway between forts. .|40 36 25 |74 02 48 1 Flood | 21. 
112 1.55 |The Narrows, midway between forts. .|40 36 25 |74 02 48 60 Flood 21. 
113 2.25 |Kill van Kull, off Sailors Snug Harbor .|40 38 50 |74 06 25 1 Flood 2177 
114 2.30 |Kill van Kull, off Sailors Snug Harbor.|40 38 50 |74 06 25 40 Flood 21.7 24 | 3.80 69 
7 
1 


7 

110 | 11.50 |The Narrows, midway between forts. .|/40 36 25 |74 02 48 60 Ebb 21.7 20 | 3.40 62 
7 
1 


115 2.50 |Upper bay, near Robbins Reef bell 
PO eee A aie « hes Ce while weiek 40 39 10 |74 03 50 1 Flood 21. 


| | a a ee 


117 3.15 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 1 Ebb 21.7 34 | 3.70 66 
118 3.20 |Hudson river, midstream, off Pier A. ./40 42 19 |74 O01 34 30 Flood 21.1 26 | 3.70 67 
119 3.40 |East river, midstream, at Brooklyn 

: LES EEE Se Oe WE a oe Bar 40 42 20 |73 59 48 1 Flood IM 30 | 2.80 50 
120 3.45 |East river, midstream, at Brooklyn ' 


BAAD cover ttle tied oF ct age ew teas 40 42 20 |73 59 48 30 Flood 21. 


12—GOWANUS CANAL AND DEGRAW STREET SLIP, BROOKLYN. AUGUST 13, 1912 
High water occurred at Governors Island at 8.30 A. M. Low water at 3.00 P. M. The wind was south, light. 


A.M. | 
121 | 11.00 [Slip at foot of Degraw St., Brooklyn. .|40 41 13 |74 00 25 | Surface | Ebb 25.0 28 | 0.40 8 
122 11.45 |Gowanus canal at Hamilton avenue 
BrIAGGh Mees to cates ee sols kane 40 40 17 |73 59 56 | Surface} Flood} 25.0 20 | 1.80 35 





P.M. 
123 | 12.30 |Gowanus canal, at head of canal, foot 
of Douglas street, at pumping station|40 40 55 |73 59 15 | Surface | Slack 26.7 72 | 0.00 0 


124 1.00 |Gowanus canal at Union street bridge.|40 40 25 |73 59 50 | Surface | Flood 26.7 28 | 0.00 0 
125 1.30 |Slip just east of Degraw street slip..../40 41 16 |74 00 30 | Surface | Ebb 25.6 24 | 1.20 23 
126 2.00 |Slip at foot of Degraw street, Brooklyn|40 41 13 |74 00 25 | Surface | Ebb 25.6 28 | 0.20 4 


13—SLIPS IN HUDSON RIVER AND IN HARLEM RIVER. AUGUST 16, 1912 
High water occurred at Governors Island at 11.20 A. M. Low water at 6.00 P. M. The wind was northwest, light. 





M. 
127 | 12.00 |Slip south of pier foot of East 109th 
nr street, Harlem river............... 40 47 24 |73 56 11 | Surface | Flood 23.3 24 | 0.50 9 
128 | 12.45 |Slip south of pier foot of West 129th 


street, Hudson river............... 40 49 04 |73 57 43 | Surface | Flood 2a50 40 2.00 36 


662 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CX X—Continued 
13—-SLIPS IN HUDSON RIVER AND IN HARLEM RIVER. AUGUST 16, 1912—Continued 


Location of Sampl P wel 
cation of Samples er 
Sample | Hour : puree Tidal page cent Per 
Ooms f current | nes C land : cent 
igd ct “8: | water here satura- 
Approximate Latitude | Longitude © | tion 
aes NASON (ee I es adion STD "SENT 0 OPP Shy a Pe 
129 1.30 |Slip south of pier foot of West 41st 
street, Hudson river............... 40 45 40 |74 00 08 | Surface | Ebb 23.6 36 | 1.80 33 
130 2.00 |Slip north of pier foot of West 34th 
street, Hudson river............... 40 45 25 |74 00 23 | Surface | Ebb 23.6 34 | 1.60 30 


131 2.30 ee Jk of Gansevoort street, Hudson ; 
2 Ns dio a Bw Raaees alae Oman eee 40 44 19 |74 00 40 | Surface | Ebb 23:3 32 | 1.90 35 
132 3.00 Slip { foot of Canal street, Hudson river|40 43 34 |74 00 43 | Surface | Ebb 23.6 32 | 1.40 26 








14—CROSS-SECTION OF HUDSON RIVER AT PIER A. SEPTEMBER 13, 1912 
High water occurred at Governors Island at 10.00 A. M. Low water at 4.15 P.M. The wind was south, light. 











A.M. 

133 9.25 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 1 Flood 21.1 26 | 3.10 56 
134 9.27 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 20 Flood 21.1 24. | 3.20 58 
135 9.30 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 40 Flood 21.1 24 | 3.20 58 
136 9.35-|34: Way across... hiss Vices tees «cece 40 42 17 |74 01 20 1 Flood 21.1 26 | 2.90 53 
137 0.37 WG way acloss): Scere ove eben eee 40 42 17 |74 01 20 20 Flood 21.1 24 e320 58 
138 0:40.34 Way @Orond aia. Acuints serie ide tie 40 42 17 |74 01 20 40 Flood 21.1 24 3.301 760 
139 9.45 3|Yasway aClOss. oe seclse tele aeeieee One 40 42 19 |74 O1 34 1 Flood 21.1 26:21 33;,00 55 
140 O° 47 | 26. way, ACLOSS.. es neice nite ee 40 42 19 |74 01 34 20 Flood 21.1 24 | 3.30 60 
141 9.50 |14 way across....... pee me MeN eres ace 40 42 19 |74 01 34 40 Flood 21.1 24 | 3.40 62 
142 0 55 AoA" WAY: SCTOSE we Unk Rees ores 40 42 19 |74 01 48 1 Flood 21.1 26 | 2.60 48 
143 OBiaSar way actoas si. aces one eee 40 42 19 |74 O01 48 20 Flood 21.1 24 | 3.30 60 
144.3110) OOF SZ WAY QELOSS oe 0 rie eee eee 40 42 19 |74 O1 48 35 Flood a1 24 | 3.40 62 
145 | 10.05 |200 feet off C. R.R. of N. J. ferry, Com- 

MNUMPAWs sachs gt eek ee eee 40 42 22 |74 O1 59 1 Flood 21.1 28 | 2.70 50 
146 | 10.07 |200 feet off C. R.R. of N. J. ferry, Com- 

PAUMIDAW Aes chee vice oe ees eee nee 40 42 22 |74 01 59 15 Flood 21.1 26 | 3.30 60 
147 | 10.10 |200 feet off C. R.R. of N. J. ferry, Com- 

er MOUINIPAW D accles sia oes ale ee 40 42 22 |74 01 59 30 Flood 21.1 26 | 3.40 62 

148 | 12.40 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 1 Ebb 2171 26 | 3.00 55 
149 | 12.42 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 20 Ebb 21.1 24 | 3.30 60 
150 | 12.45 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 40 Ebb 21.1 24 | 3.40 62 
151 12°50 0/24 Way BCrOss xcs see ee oiler 40 42 17 |74 01 20 1 Ebb 21.1 26 | 2.80 51 
152 | 12.52 134 way across. <2... bei. el cece cee wes 40 42 17 |74 01 20 20 Ebb PAL sal 24. )-3220 58 
153). 12. 5B i Q0way aeross si, nce es os te oe ae 40 42 17 |74 O1 20 40 Ebb 253k 24 °1-3.30 60 
154 1.003144 way across) 2 2 oa.k i oa Sater 40 42 19 |74 O1 34 1 Ebb A | 26 | 3.00 55 
155 102514 Way BCIOSS Ai nes oe dea ls oe ee 40 42 19 |74 O1 34 20 Ebb 21.1 26 - | 3.30 60 
156 1:05 '|46 way aéross: oS oe eee 40 42 19 |74 O1 34 40 Ebb 21.1 26 | 3.30 60 
157 1.10 [S4sway atross. Sane eee 40 42 19 |74 O1 48 1 Ebb | 21.1 28 | 3.00 55 
158 1.12 }Sa-way across. ick se ttins able eee 40 42 19 |74 O01 48 20 Ebb 21.1 26 | 3.10 56 
159 1.15124 way across; 3-2 42 cee ae 40 42 19 |74 O1 48 35 Ebb 21.1 26 | 3.10 56 
160 1.20 |200 feet off C. R.R. of N. J. ferry, Com- 

MuUnipsw es sve ee eee 40 42 22 |74 01 59 1 Ebb PH ies | 28 | 2.90 53 
161 1.22 |200 feet ae R.R. of N. J. ferry, Com- 

MOUNIDAW ws SG ene ake Ga eee 40 42 22 |74 01 59 15 Ebb 21.1 26 13.10 56 
162 1.25 |200 ey off ©. R.R. of N. J. ferry, Com- j 

munipaw. v. Seni. ee eee 40 42 22 |74 O1 59 30 Ebb 21.1 26 | 3.10 56 
163 2.45 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 1 Ebb 21.1 28 | 2.90 53 
164 2.47 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 20 Ebb 21.1 26 | 3.10 56 
165 2.50 |200 feet off Pier A, Manhattan....... 40 42 16 |74 01 10 40 Ebb 21.1 26 | 3.10 56 
166 3.00 134 way aeroes. J. £252005 exe ee 40 42 17 |74 01 20 1 Ebb 21.1 28 | 2.80 51 





DISSOLVED OXYGEN IN THE WATER 663 


TABLE CX X—Continued 
14—CROSS SECTION OF HUDSON RIVER AT PIER A. SEPTEMBER 13, 1912—Continued 


Oxygen 
Location of Samples Feet T (ip el eats EE 
Sample | Hour . ve Tidal emP- | cent. Per 
below water C. C. 
No P.M. current land cent. 
surface Deg. C. ep Te DELA ating: 
Approximate Latitude |Longitude htr tion 
° , wv ° ‘ ov 
167 Balle Fee WAY GCTOSS. vo sows ei cde ees eek es 40 42 17 |74 01 20 20 Ebb 21.1 26 | 3.10 56 
168 Berens WEY ALTORBS. .ii2h os a elds bs e'o des 40 42 17 |74 01 20 40 Ebb kek 26 | 3.10 56 
169 Re SO WAVOAITOSS 1, ovis scien «otis aaulcbe « 40 42 19 |74 01 34 1 Ebb PATA 28 2.80 51 
170 Gra ts WAY SCTOGS. «22, a ae ken eee 40 42 19 |74 O01 34 20 Ebb 21.1 26 | 3.10 56 
171 Dene SOWRY ACTORS: .. fvicis ec ss ba eie es ob ne 40 42 19 |74 O1 34 40 Ebb 21.1 26 | 3.20 58 
172 Bree eW AY RETORS 5 dts ain eSigiasie sb wk « 40 42 19 |74 01 48 1 Ebb 21.1 30 | 2.80 51 
173 Eee Mee WAYSCIORS . S65 oc dic lesb lec betes 40 42 19 |74 01 48 20 Ebb 21.1 28 | 3.00 55 
174 ee GUWAV: BOTOSR 5 cicials, ocd o adele ois sta 40 42 19 |74 O1 48 35 Ebb 21.1 28 | 3.10 56 
175 3.35 |200 feet off C. R.R. of N. J. pier, Com- 2 

Ripa ws eee eh oa: Waser 40 42 22 74 01 59 1 Ebb 21.1 30 | 2.70 50 

176 3.37 |200 feet off C. R.R. of N. J. pier, Com- 
SLT Ce ie fe PES ae Pe aa a 40 42 22 |74 01 59 15 Ebb 21.1 28 | 3.00 55 

Lg 3.40 |200 feet off C. R.R. of N. J. pier, Com- 
RISMRTITIA yee: Sieralinls eg oles hae ears 40 42 22 |74 01 59 30 Ebb 21.1 28 | 3.00 55 





15—CROSS SECTION OF EAST RIVER BELOW BROOKLYN BRIDGE. SEPTEMBER 26, 1912 
High water occurred at Governors Island at 9.15 A. M. Low water at 3.50 P. M. The wind was east, light. 
A.M. 


178 8.10 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 1 Flood 18.9 26 | 2.94 52 
179 8.12 |200 feet off Pier 10, New York....... 40 42 09 [74 00 22 20 Flood 18.9 24 | 3.02 53 
180 8.15 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 30 Flood 18.9 24 | 3.08 54 
181 BOO Se WAY ACTOSS. iow cline ec ccke sews 40 42 07 {74 00 17 1 Flood 18.9 26 | 2.74 48 
182 Beatie WAY NETOSO) < oy giccis's ss mntecncess 40 42 07 |74 00 17 20 Flood 18.9 24 | 2.76 48 
183 SeeaMEASWAY ACLOSSs sic cccisss-o cis Gove e.cibes di conse 40 42 07 |74 00 17 40 Flood 18.9 24 | 3.04 53 
184 rire WAY ACTORS: .. once: bs cccses neue 40 42 03 |74 00 11 1 Flood 18.9 24 | 2.84 50 
185 SB. 32 194 WAY ACTOSS.... 2... ec cer scence 40 42 03 {74 00 11 20 Flood 18.9 24 | 2.89 51 
186 8.35 [24 way across......5.....0eceee eee 40 42 03 (74 00 11 40 Flood 18.9 24 | 3.00 53 
187 BAOIIS4 WAY BCKOBS... os csc ceneccctecees 40 42 00 |74 00 05 1 Flood 18.9 24 | 2.80 49 
188 ee, WAY SCTDRS. os es os wom a oe alee» 40 42 00 {74 00 05 20 Flood 18.9 24 | 2.91 51 
189 8.45 |34 way ACTOSS.......... ccc cece eens 40 42 00 |74 00 05 35 Flood 18.9 24 | 2.97 52 
190 8.50 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Flood | .18.9 24 | 2.82 49 
191 8.52 |200 feet off Pier 10, Brooklyn........ 40 41 57. |74 00 00 20 Flood 18.9 24 | 2.90 51 
192 8.55 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 35 Flood 18.9 24 | 2.88 51 
193 | 10.30 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 1 Ebb 19.4 24 | 2.99 52 
194 | 10.32 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 20 Ebb 18.9 24 | 3.04 53 
195 | 10.35 |200 feet off Pier 10, New York....... 40 42 09 {74 00 22 30 Ebb 18.9 24 |'3.03 53 
BO ten AO 124 WAY-SCTOSS,,.. oc oe oc ees rie he oem . |40 42 07 |74 00 17 1 Ebb 19.4 o4 (1 281 49 
Pe elena 454 WAY ACTORS... once hee case aes ve 40 42 07 |74 00 17 20 Ebb 18.9 24 | 2.85 50 
ey LOLA la: WAY ACTORS. cc cya coeds sh eeienes 40 42 07 |74 00 17 40 Ebb 18.9 24 | 3.04 53 
109 110.50 126 WAY ACFOSS. .. o.oo. ce cole oc e hs 40 42 03 |74 00 11 1 Ebb 19.4 24 | 2.82 49 
200 Rl e2 o> WAY BCLOSE. ons) oo ove bee ovanee 40 42 03 |74 00 11 20 Ebb 18.9 24 2.90 51 
panei bo 114 WAY SCTOSS.......-.+00-ceccncees 40 42 03 {74 00 11 40 Ebb 18.9 24 | 2.89 51 
BUA peti 00 194 WAY SCTOSS. ... ones ceccrdececass 40 42 00 |74 00 05 1 Ebb 19.4 24 | 2.89 51 
iS MetBtI io, WAY SCTORS: .... 0 «0s a<s00ueb ences 40 42 00 |74 00 05 20 Ebb 18.9 24 | 3.01 52 
OO4 TP ALG5 134 Way ACTOBS,. 2. ose ese cccc econ 40 42 00 |74 00 05. 35 Ebb 18.9 2A -\ 2.87 51 
205 | 11.10 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Ebb 19.4 24 | 2.80 49 
206 | 11.12 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 20 Ebb 18.9 24 | 2.82 49 
207 i ap 200 feet off Pier 10, Brooklyn...... -,.140 41 57 174 00 00 35 Ebb 18.9 yy aan ear b) 49 
208 | 1.00 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 1 Ebb | 20.0 | 24 [2.39] 43 
209 1.02 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 20 Ebb 19.4 24 | 2.43 43 
210 1.05 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 30 Ebb 19.4 24 “152-52 45 


664 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CX X—Continued 
15—CROSS SECTION OF EAST RIVER BELOW BROOKLYN BRIDGE. SEPTEMBER 26, 1912—Continued 





Lo f § 1 pt 
cation of Samples Per 
Sample | Hour 5 Feet Tidal | Te™P- | cent Per 
below water C.C 
No. | P.M. eehaee current | 7 rears land cent. 
8+) water | {P. satura- 
Approximate Latitude | Longitude 
° / Ld ° / u 

211 1L.10cgeway: Across See eee ete 40 42 07 |74 00 17 il 

212 1512 sway Scross Scan ieee eee 40 42 07 |\74 00 17 20 

213 1515 °| way across oo. ee Sree ee one 40 42 07 |74 00 17 40 

214 15207|36 Way SCrOsSan sete tes cee eee 40 42 03 |74 00 11 1 

215 1322) to: Way SClOssee ere eee 40 42 03 |74 00 11 20 

216 1325) | oi way aCrossaee ees ei ee 40 42 03 |74 00 11 40 

217 30" |S4isway ACrOsSs ee erate eee. 40 42 00 |74 00 05 1 

218 1°32: (2 way acrossee seer eee ee re 40 42 00 |74 00 05 20 

219 1235 ||84 (WAV: SCrOSS an ciemraets rich ca nme ee 40 42 00 [74 00 05 35 

220 1.40 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 

221 1.42 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 20 

222 1.45 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 35 





16—CROSS SECTION OF THE NARROWS. OCTOBER 4, 1912 
High water occurred at Governors Island at 2.35 P. M. Low water at 9.50 A. M. The wind was southwest, moderate. 





A.M. 
223 8.00 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Ebb U7 52 26 | 4.42 75 
224 8.02 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 20 Ebb j ge 24 | 4.60 78 
225 8.05 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 40 Ebb 17.2 24 | 4.70 80 
226 8:10. )44 way: Across2se) come inc saree eens 40 36 27 |74 02 34 1 Ebb 17,2 26 | 4.40 75 
227 SDE WAY <ACLOSS =. ei eta eset nti Seer 40 36 27 |74 02 34 30 Ebb Miao 24 | 4.57 aes 
228 Se15. {yo waysacross s,s o . Coane oie ate 40 36 27 |74 02 34 60 Ebb 1722 24 | 4.70 80 
229 8520) (Yo way tacross! 2 eee che es ane an sienee 40 36 25 |74 02 48 1 ' Ebb 17%2 26 | 4.42 75 
230 B22 : | Se WAY ACEOSS cat. os ot Ce 40 86 25 |74 02 48 30 Ebb 1722 24 | 4.54 at 
231 8225: (26 Way ACTOSS.).! aoe. aah. Mee 40 36 25 |74 02 48 60 Ebb 17:2 24 | 4.74 80 
232 $230 | Ba way ACrOsSs 22 ge cies ioe eae 40 36 23 |74 03 02 Ie Ebb 17.2 26 | 4.35 74 
233 8332 128 way Cross). ae. an cst ee 40 36 23 |74 03 02 30 Ebb 17.2 .| 24 | 4.40 75 
234 835 154" WAY ACTORS taal fee See eee 40 36 23 |74 03 02 60 Ebb 17.2 24 | 4.48 76 
235 8.40 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Ebb 17.2 26 | 4.18 71 
236 8.42 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 30 Ebb 172 24 | 4.40 75 
237 | 8.45 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 60 Ebb 17.2 24 | 4.47 76 
238 | 10.30 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Slack 17.2 26 | 4.02 68 
239 | 10.32 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 20 {ist Flood) 17.5 24 | 4.20 71 
240 | 10.35 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 40 {ist Flood} 17.5 24 | 4.20 71 
241 10:40 1 Way RcrOss se ene) pie cicete ee 40 36 27 |74 02 34 1 Slack 172 26 | 4.00 68 
2A2 | 4-10542 AZ Way ACTORS. 9 nck he eninge oe ee 40 36 27 |74 02 34 30 Flood 17.5 24 | 4.387 74 
243 10:45 |d4 Way lACrOSS ) 2 1 aati ec eee 40 36 27 |74 03 34 60 Flood 17 35 24 | 4.60 78 
244 | |.10,50 |5o Way across. bois. 0). one os eon re 40 36 25 |74 02 48 1 Slack ied 24 | 4.12 70 
245 (110,52 146 way across? naa. ole. ee ee 40 36 25 |74 02 48 30 Flood 17-5 22 | 4.62 78 
246 10355 “4G way ‘ACrOssi. aoe... ee ee 40 36 25 |74 02 48 60 Flood W7A8 22 4.74 80 
247 11200: 24 way tacrosss... 24 4 de eee 40 36 23 |74 02 03 1 Slack i 24 4.18 71 
248 LTs02 We2e way. ACrOss =: serene eet eee 40 36 23 |74 02 03 30 Flood 17.8 22 | 4.90 84 
249 * 41105 187 way aerossy,. Ss a oe 40 36 23 |74 02 03 60 Flood 17.8 22 | 4.88 84 
250 | 11.10 |200 feet off Fort Wadsworth......... 40 36 21 |74 038 12 1 Slack Lie 24 | 4.18 71 
251 11.12 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 30 Flood 17!8 22 | 4.87 84 
252 | 11.15 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 60 Flood 17.8 22 | 4.90 84 
253 1.15 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Flood |. 17.8 24 | 5.02 87 
254 1.17 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 20 Flood 17.8 22 | 5.30 91 
255 1.20 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 40 Flood 17.8 22 | 5.30 91 
256 1.25 |14 way across.......... Bee Ae See 40 36 27 |74 02 34] #1421 Flood 178 24 | 5.00 87 








DISSOLVED OXYGEN IN THE WATER 665 


TABLE CXX—Continued 
16—CROSS SECTION OF THE NARROWS. OCTOBER 4, 1912—Continued 





Locati f Sampl e. reiki 
cation of Samples er 
Feet Tidal Temp. 


Sample | Hour cent. Per 
No. | P.M. Lege: current aN land | C. C.] cent. 

: j & “| water| Per | satura- 
Approximate Latitude | Longitude itre | tion 

EE SEES OS ES SO a a Cs a a Re es aE 
257 ae ge WAY: ACTORS. vc cas nc 'e aces ee ee ce 40 36 27 |74 02 34 30 Flood 17.8 22 | 5.27 91 
258 PSO eG WAY SELOSS, wi ocin ne ss eae Seles 40 36 27 |74 02 34 60 Flood 17.8 22 | 5.30 91 
259 POON ye WAY ACEOSS. 2. 2 Sic ee oe ee eee ae 40 36 25 |74 02 48 1 Flood 17.8 24 | 5.12 88 
260 WES ee WAY BCEOGS.\. 25.6 oes ek ee sa 40 36 25 |74 02 48 30 Flood 17.8 22 | 5.44 94 
261 Re eWELY QCTORG cot. fe 5 oe 5 dies oo 0d le 40 36 25 |74 02 48 60 Flood 17.8 22 | 5.44 94 
262 Peete OWE ACLOSS ©) 0). a slg ile's) o's ad a b> 40 36 23 |74 03 02 1 Flood 17.8 24 | 5.08 88 
263 ete ion WEY ACTOGS. 6. oie och sce acse tees 40 36 23 |74 03 02 30 Flood 17.8 22 | 5.38 93 
264 TRU SC WAY ACYORS 6 ako as ep rae eee 40 36 23 |74 03 02 60 Flood 17.8 22 | 5.40 93 
265 1.55 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Flood 17.8 24 | 5.08 88 
266 1.57 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 30 Flood 17.8 22 | 5.387 93 
267 2.00 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 60 Flood 17.8 22 | 5.40 93 


17—CROSS SECTION OF EAST RIVER BELOW BROOKLYN BRIDGE. NOVEMBER 26, 1912 


High water occurred at Governors Island at 10.00 A.M. Low water at 4.10P.M. The wind was northwest, with a velocity 
of 20 miles per hour. 








A.M. 

268 8.40 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 i Flood 8.3 44 | 5.40 73 
269 8.42 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 20 Flood 8.9 40 | 5.60 77 
270 8.45 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 30 Flood 8.9 40 | 5.60 a 
271 Peet enV AW ACTORS ee CP sks ecco a ae fee 40 42 07 |74 00 17 1 Flood 8.3 44 | 5.40 73 
272 Bee a WAY ACTOSS. 66 ps a cd ale eve nds 40 42 07 |74 00 17 20 Flood 8.9 40 | 5.60 77 
273 SHOON AEWA ACTOSS, os cia wisi Slee aie daw ale bls 40 42 07 |74 00 17 40 Flood 8.9 40 | 5.60 77 
274 RE Pa WAY SCTORS. . oe. op ce ee ls 40 42 03 |74 00 11 1 Flood 8.3 44 | 5.50 75 
275 OnO2 16 WAY ACTOSS. .. 2.05.2. kee ere 40 42 03 |74 00 11 20 Flood 8.9 40 | 5.60 77 
276 Petry s WAY ACTORS reas. ese tee em ay os es 40 42 03 |74 00 11 40 Flood 8.9 40 | 5.60 77 
277 OMLOE| SAS WAY BCLOSS 21... e550 cick. ove cust 40 42 00 |74 00 05 if Flood 8.3 42 | 5.20 71 
278 OMIA Aaway ACTOSS..j..5 si0)s ss © c+ checo aim stele ce 40 42 00 |74 00 05 20 Flood 8.9 ‘38 | 5.50 76 
279 Be a WAY ACTOSS..... ian df. Se kee 40 42 00 |74 00 05 35 Flood 8.9 38 | 5.50 76 
280 9.20 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Flood 8.3 42 | 5.10 70 
281 9.22 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 20 Flood 8.9. 38 | 5.30 73 
282 9.25 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 35 Flood 8.9 - 38 | 5.40 74 
283 | 11.00 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 1 Begin- 

ning Ebb | 8.3 40 | 5.10 70 
284 | 11.02 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 20 Ebb 8.9 40 | 5.20 72 
285 | 11.05 (200 feet off Pier 10, New York....... 40 42 09 |74 00 22 30 Ebb 8.9 40 | 5.20 72 
Deni et 10714 WAY SCTOSS. |. 3 a Ha dake ees Se 40 42 07 |74 00 17 1 Ebb 8.3 |' 40 | 5.10 70 
DS Tmmleel nla WAY, ACLOSA. .. sj Nea Leek Sibi dee ele 40 42 07 |74 00 17 20 Ebb 8.9 40 | 5.20 72 
288 ATES aA WAY ACTORS .!: 22.2 sciences eee pation 40 42 07 |74 00 17 40 Ebb 8.9 40 | 5.20 72 
289 IONE SWAY ACTOSS.~. tysecisie ws ast eis 40 42 03 |74 00 11 1 Ebb 8.3 40 5.20 71 
DMR ae Pe WAY ACTORS... i.e ke eh ek se kes 40 42 03 |74 00 11 20 Ebb 8.9 40 | 5.20 72 
291 HZ Dn onway QCLOSSs « .2dia ec es cgies oad: 40 42 03 |74 00 11. 40 Ebb 8.9 40 5.20 72 
Bee eGR Leos loa WAY ECEOSS. opccslie 6 oes cislee wie od 40 42 00 |74 00 05 1 Ebb 8.3 40 | 5.00 68 
293 Maem pauWAy ACTORS she src shy bid brareraterd sere 40 42 00 |74 00 05 20 Ebb 8.9 38°) 5.10 70 
POLAT LIGaD 194 WAY ACTORS... bijess bcs eed bee a 40 42 00 |74 00 05 35 Ebb 8.9 38 | 5.10 70 
295 | 11.40 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Ebb 8.3 40 | 5.00 68 
296 | 11.42 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 20 Ebb 8.9 38 | 5.10 70 
297 | 11.45 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 35 Ebb 8.9 38 | 5.10 70 
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TABLE CXX—Continued 
17—CROSS SECTION OF EAST RIVER BELOW BROOKLYN BRIDGE. NOVEMBER 26, 1912—Continued. 


Location of Samples Feet 
Sample | Hour ate 
No. P. M. surface 
Approximate Latitude |Longitude 
et en i rn ann In Tria kainate hs. UU!!! 

298 2.25 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 1 8.9 4.80 
299 2.28 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 20 8.9 5.00 
300 2.30 |200 feet off Pier 10, New York....... 40 42 09 |74 00 22 30 8.9 5.10 
301 Didd =| Rwy, ACLOGS cine cruigidetels a. «6 Seine raniee 40 42 07 |74 00 17 1 8.9 4.70 
302 2.36" [D4 WAY ACIOSS..), cquishers oc i emer tel hee 40 42 07 |74 00 17 20 8.9 5.00 
303 238) 134 Way SEPORR. oc cian ace ain eA 40 42 07 |74 00 17 40 8.9 5.00 
304 2 4111 D6 Way SCLOSS.,.. cae cece cee ee 40 42 03 |74 00 11 1 8.9 4.80 
305 2.43 136 way Scrons <.pc.cts 3 oa cee 40 42 03 {74 00 11 20 8.9 5.00 
306 2.45) [34 WAY GOrOSds: 3. acs eine Gee eee 40 42 03 {74 00 11 40 8.9 .00 
307 2.48. |34. way ACLOsS. 6 ihe oes ee to olen 40 42 00 {74 00 05 1 8.9 .80 
308 2.50. |S40way SCLOBS . 0 teen miei anes ot oe 40 42 00 |74 00 05 20 8.9 .00 
309 252: 184 WAY ACLOsRs suck aclcecim cee 40 42 00 |74 00 05 35 8.9 .00 
310 2.55 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 8.9 .90 
311 2.57 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 20 8.9 .00 
312 3.00 |200 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 35 8.9 .00 
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TABLE CXXI 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1912 
Averages for various parts of the harbor 


Data for this table are contained in Table CXX. 


Number | Averages: | Averages: 


Location of C. C. per cent. Samples included in the averages 
analyses | per litre | saturation 


Upper bay.;.....:. 24 5.37 75 7-8, 13-14, 23-24, 33-34, 43-44, 53-54, 65-66, 75-76, 85-86, 95-96, 
105-106, 115-116. 

Hudson river....... 75 3.74 60 3-4, 11-12, 21-22, 31-32, 41-42, 55-56, 59, 63-64, 77-78, 83-84, 97-98, 
103-104, 117-118, 128-177. 

MEASUITIVED so tess 's 5. 115 4.15 62 1-2, 9-10, 19-20, 29-30, 39-40, 57-58, 60-62, 79-82, 99-102, 119-120, 
178-222, 268-312. 

Harlem river....... eel: 0.50 9 127. 

Kill van Kull....... 22 Fale 74 ee: ne: 35-36, 45-46, 51-52, 67-68, 73-74, 87-88, 93-94, 107-108, 

The Narrows....... 69 5.10 81 5-6, 17-18, 27-28, 37-38, 47-50, 69-72, 89-92, 109-112, 223-267. 

Gowanus canal..... 3 0.60 12 122-124. 


Buttermilk channel. 3 0.60 12 121, 125-126. 
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TABLE CXXIII 
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Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1912 
Average, of samples taken on Ebb and Flood Currents for various parts of the harbor 


Data for this table are contained in Table CXX. 


Location 


$016 Cel ele se © 


Upper Bay 


Hudson river........ 


eee eee ee ewe 


Sia 16) oere. @ 16 


Kill van Kull 


sete eens 


The Narrows 


see eee ee 


Gowanus canal...... 
Buttermilk channel. . 


analyses 


No. of 
Averages: C. C. 


per litre 
Averages: per 


cent. saturation 


Currents 


Ebb Currents 


Samples included in the averages 


No. of 


analyses 
Averages: C. C. 


per litre 
Averages: per 








Flood Currents 


Samples included in the averages 


cent saturation 


————— | q—|| —“— ] qq | | | 


7, 13-14, 33-34, 538-54, 65-66, 85-86, 
105-1086. 


3-4, 11-12, 31-32, 41, 55-56, 59, 63- 
64, 83-84, 103-104, 117, 129-132, 
148-177. 

1-2, 9-10, 29-30, 57-58, 60-62, 81-82, 
101-102, 193-222, 283-312. 

No samples on ebb current. 


15-16, 35-36, 51-52, 67-68, 87-88, 
107-108. 

5, 17-18, 37, 49-50, 69-70, 89-90, 109- 
110, 223-238, 241, 244, 247, 250. 


No samples on ebb current. 
121, 125-126. 


TABLE CXXIV 


78 |8, 23-24, 43-44, 75-76, 95-96, 115- 
116. 

61 |21-22, 42, 77-78, 97-98, 118, 128, 133~ 
147. 


19-20-39-40, 79-80, 99-100, 119-120, 
178-192, 268-282. 
127 (taken in slip). 


25-26, 45-46, 73-74, 93-94, 118-114. 


6, 27-28, 38, 47-48, 71-72, 91-92, 111- 
112, 239-240, 242-243, 245-246, 
248-249, 251-267. 

122-124. 

No samples on flood current. 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1912 
Summary of Tables CX XI, CX XII and CXXIII 


Data for this table are contained in Table CXX. 


Location 


East river 
Harlem river 


Kill van Kull 
The Narrows 
Gowanus canal 
Buttermilk channel 


Shape heasiia! le (elie) @) 0.0 ¢/(e) elle =| = 8)/ei <0 


Sree ste 6 vis ws) 0» @.(6, 6.0. 9 © 8; 00 


CT CHC NCRC OSC IN Wn IN eC Sat CC a 


Sheleiie (Sie! so) elle*s # = a6 = & 2 «4 6 


Slieiwists: 0 (pie) o \¢) 0 1 0 ¢ (eb 0 450, 8. 0 


is twkendl(s) e's) 0 cp. 6) em 19 4 96 1m: 16, 8 10 


Caer eeecerweeravee nee 








Depths Currents 
All Depths 
and Tides 
Surface Mid-depth Bottom Ebb Flood 
Osorio O Uses! JO feel. iO jes] jO las 
5 AS QS : as Y fore) < foyer . as 
a= a ae Bie, R=!) Hs ae oo 26 Bae Bal hs Pye om os oa oo 02 
Za PS| 827 a) P5\ 8 a7 SPs aia al Ps) es al7 al 2s|k ale el asl se 
sed Bt Mea ta Oe te day te SoS Sige hes Saas 
aie Pea eis a ies Be ae I Lapa ates 
24 15.37] 75 | 12 |5.38| 75 | — | — | — |} 12 |5.35] 76 | 13 15.35) 73 | 11 15.40) 78 
75 |3.741 60 | 33 |3.69] 58 | 15 |3.17| 58 | 27 |4.10] 65 | 51 13.76) 60 | 24 |8.68} 61 
115 |4.15| 62 | 43 |4.18] 61 | 30 |3.99] 60 | 42 |4.17| 61 | 75 |4.09] 61 | 40 |4.27| 63 
1 j0.50) 9 1 0250|5 98) | 1 |0.50) 9 
22 15.22) 74 | 11 15.25) 74 | — | — | — ] 11 [5.19] 74 | 12 [5.33] 74 | 10 |5.09) 75 
69 {5.10} 81 | 27 |5.07| 79 | 15 |4.82] 27 | 27 15.28) 83 | 32 |4.82] 75 | 37 15.34) 86 
3 |0.60) 12 3 |0.60} 12 | — |} — }]—}—}—}—- I] —l le 3 |0.60) 12 
3 {0.60} 12 3 |0.60) 12} — | —}]—]—j—] — 3 10.60} 12 | — | —]}] — 
312 | Total number of analyses, 1912, Nos. 1-312, inclusive. Samples A and B, taken in 


Passaic River, not included. 
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Dissolved Oxyéen 
in the Water of New York Harbor 
in 1912 
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DISSOLVED OXYGEN IN THE WATER 


INTRODUCTION TO TABLES CXXV, CXXVI, CXXVII, CXXVIII, CXXIX 


These tables, containing the results of analyses for dissolved oxygen made in the 
year 1913, follow the same plan as the similar tables for 1911 and 1912. In Table CX XV 
are contained the results of analyses made in various parts of the harbor in 1913. In 
Tables CX XVI, CX XVII and CXXVIII are shown the averages of results from ob- 
servations at various locations, depths and tides, computed from the data contained in 
Table CXXV. In Table CXXIX is given a summary of the results of these calcula- 


tions. 
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672 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CXXV 


VOLUME AND PERCENTAGE OF SATURATION OF DISSOLVED OXYGEN IN THE WATER 


IN THE YEAR 1913 


TABLE OF CONTENTS 


Section Date of 
No. Location Collection Page 
1 East river, Hudson river, Upper bay, Kill van Kull and Narrows...................--22e+-eeeeees Jan. 9, 19132:.. 673 
2 East river, Hudson river, Upper bay, Kill van Kull and Narrows.....................---2--eeeeee Feb. 18, 1913.... 673 
3 Slips, East 109th street and West 129th street, Manhattan.......:..........-.+--2-- eee ceeecees: Feb. 14, 1913.... 674 
4. Slips of Lower East. river and Gowanus canal... .... ¢. <4 «ee - peek ieee eae ee ae Feb. 17, 1913.... 674 
5. Slips of Lower: hast river soc 6.5 Fe goin ams ss etc es eal cere k soe eas arto ea eno Feb. 17, 1913.... 674 
6 Slips of East river below 24th streets: 6c). hats, <p scales cece euenclectia te Suk eee as aa ot oe ee Feb. 20, 1913.... 674 
7 Slips of Hudson river. . (2... 2.5. 02.j2 daw civ 4 oc ep eek eee eI ae ect ea enter ea Feb. 20, 1918.... 675 
8 Wallabout canal. 60/505 )e 5 oo wens ws ehesn oe he votmun a) wacleie ene tanec ace aio eae cee ae Feb. 21, 1913.... 675 
9 Newtown ercek iii. o eee de wk wea spin oss W's ce teeter Rtg Na nen ae ge Ue a fea Feb. 21, 1913.... 675 
10 Slips in Lower Hast rivers... 3.5. 2024.25 co «oe cereus ean tet Feb. 25, 1913.... 675 
11 Hudson river nc 0 oes oak to ncesconce aa hit Wott laden a er ee eT ee Apr. 5,1913.:.. 675 
12 Narrows, Kill van Kull, Robbins Reef, Hudson and East rivers..............2... cece eee e eee eaee May 29, 1913.... 676 
13 East river, Hudson river, Robbins Reef, Kill van Kull and Narrows....................2e0eeeeee- June 11, 1913.... 677 
14 East river. at Brooklyn Bridgesa. i <5. Sends seten Wins ot Ee eee omens hee es June 17, 1913.... 677 
15 East river, Cross-section‘at Prer 10-207 oy. seen cece eine one te eet ge ene July 2,1913.... 678 
16 Narrows, Cross-section between Forts Lafayette and Wadsworth.................0 cece eee ee eeee July 3,1913.... 680 
17.| East river; Brooklyn Bridge to 118th streets 2.002 eon ess swe ve whois ote sete eee ee July 7,1913.... 681 
18 East river; Cross-section at Lawrence Point s222. J. 45 «<5 15 254 od Ven] sites acls oo ne Oe July 8,1913.... 682 
19. Hudson river, Cross-section, Pier Ato ©. RR. of IN, d. pier lic.) acc. ann sos sae eee ee ee July 9,1918.... 683 
20 « Robbing Reef). sa) 32.0 Saute wine 6 SOE gH edie Boe re cree Oe 8 ole Sree ee ee a a ee July 10, 1913.... 685 
21 Kill van Kull; Cross-section at Sailors Snug Harbor... 5 200. os ices oe Seon oe ee eee July 11,1913.... 686 
22 ‘East river, Throgs Neck, Cross-section to Cryders Point landing.................:ccceceeceeceees July 14,1918.... 687 
23 ..Harlem river, Willis Avenue Bridge to Spuyten Duyvils). J.) 520). Sactee cae) See eee July 15,1913.... 689 
24 Harlem river, Cross-section at Mt. St. Vincent: .©.<.)0< lc cass ee be eae aie ee canes 5 enn ee eee July 16, 1913.... 690 
25 Hudson river, -Yonkers to: Pier A wi ./5 5) 0 «0 wala swe ce ae ale ate 6 we a i ate ere ere) et July 17,1913.... 691 
26 East river, Cross-section at Pier 10.3. 50 2h sam tie el asinine © Se ass wn te ee July 18, 191323 692 
27 Narrows, Cross-section, Fort Lafayette to Fort Wadsworth.....................05. ii ae A eee Ree July 24,1913.... 694 
28 — East river to the Narrows; midstream: 55.22 J > Seo: «tee ore ae ee eae eee July 25,1913.... 695 
29 Harlem river, back of Wards Island... ..4) 25-< dan weer oe eee eee te Aug. 14, 1913.... 696 
30 East river at Pier 10.2) so. sei cu Neha bike ple oer Aug. 15, 1913.... 696 
BL Bast rivet aiss ssc sos vom Us deh ole cise Wel og gem canal hapep Ae toi eco eae at Aug. 21,1913.... 696 
32 ast river, Hudson river, Robbins Reef, Kill van Kull and Narrows...............0..ceceeeeceees Aug. 27, 1913.... 697 
33 East river, Hudson river, Robbins Reef, Kill van Kull and Narrows.................02ceceeeeeees Sept. 19, 1913.... 697 


DISSOLVED OXYGEN IN THE WATER 


TABLE CXXV 


1—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. JANUARY 9, 1913 


High water occurred at Governors Island at 10.00 A. M. Low water at 4.00 P. M. The wind was northwest, with a velocity 
of 20 miles per hour. 





Sample | Hour 
A.M. 


No. 








Location of Samples 


Approximate Latitude 


East river, midstream, at Brooklyn 


VELL es siete) I cot i ba RE 40 42 
East river, midstream, at Brooklyn 
SEES OTE RSs OAR gh ad OEE, EET, 8 40 42 


Hudson river, midstream, off Pier A..|40 42 
Hudson river, midstream, off Pier A. .|40 42 


Upper bay, at Robbins Reef bell buoy. |40 39 
Upper bay, at Robbins Reef bell buoy .|40 39 
Kall van Kull, off Sailors Snug Harbor .|40 38 
Kill van Kull, off Sailors Snug Harbor .|40 38 


The Narrows, midway between forts. .|40 36 
The Narrows, midway between forts. .|40 36 
East river, midstream, at Brooklyn 


(Sie 0) Si AE area a 40 42 
East river, midstream, at Brooklyn 
rr err hide be x Soto ae 40 42 


Hudson river, midstream, off Pier A. ./40 42 
Hudson river, midstream, off Pier A..|40 42 


Upper bay, at Robbins Reef bell buoy .|40 39 
Upper bay, at Robbins Reef bell buoy ./40 39 


12.45 |Kill van Kull, off Sailors Snug Harbor .|40 38 
1.30 |The Narrows, midway between forts. .|40 36 


313 | 7.45 
B14) 7.47 
315 | 8.00 
316 | 8.03 
S17 t. 8.28 
318 | 8.25 
319 | 8.40 
320 | 8.43 
321 | 9.06 
322 | 9.09 
323 | 11.20 
324 | 11.23 
325 | 11.40 
326 | 11.43 
P.M. 
327 | 12.15 
328 | 12.18 
329 
330 
331 
332 


2—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND THE NARROWS. 


1.35 |The Narrows, midway between forts. .|40 36 


15 
15 


50 


12.40 |Kill van Kull, off Sailors Snug Harbor .|/40 38 


50 
25 
25 


673 








Feet : 
below Tidal 
surface current 

Longitude 

73 59 48 1 Flood 
73 59 48 30 Flood 
74 O1 34 1 Flood 
74 O1 34 30 Flood 
74 03 50 1 Flood 
74 03 50 40 Flood 
74 06 07 1 Flood 
74 06 07 30 Flood 
74 02 48 1 Flood 
74 02 48 60 Flood 
73 59 48 1 Ebb 
73 59 48 30 Ebb 
74 O1 34 dl! Ebb 
74 01 34 30 Ebb 
74 03 50 1 Ebb 
74 03 50 40 Ebb 
74 06 07 1 Ebb 
74 06 07 30 Ebb 
74 02 48 1 Ebb 
74 02 48 60 Ebb 


a Oxygen 

Temp. OE Geapegce a gpaaise ram 
water Bae C Ee 
Deg. C. se per Bees 

water ive satura- 
tion 
Qas 64 | 6.00 68 
Fiat. 64 | 6.00 70 
2.8 72 | 6.20 70 
oie 72 | 6.00 70 
Pie fe) 60 | 6.30 72 
3.0 60 | 6.40 74 
2.8 60 | 6.10 70 
one 60 | 6.20 ffi 
3.9 BO Ons 82 
3.9 52 | 6.80 82 
AS o3) 64 | 5.60 65 
3300) 64 | 5.60 65 
By) TOO 65 
23 Toe RORTO 65 
one 66 | 6.00 70 
30 56 | 6.00 70 
Bn 64 | 6.00 70 
Bt 64 | 6.00 70 
Sno DOseOSLO 71 
3.3 56 | 6.10 71 









































High water occurred at Governors Island at 6.15 P. M. Low water at 12.50 P. M. 
of 30 miles per hour. 


333 


i | | ff | Ef 





A.M. 
10.00 


10.05 


10.30 
10.35 


The wind was 





FEBRUARY 18, 1913 


northwest, with a velocity 








East river, midstream, at Brooklyn 


JEG Peale ees ee sity oo Eee RN ney eee eee 40 42 
East river, midstream, at Brooklyn 
SEM GG ie oer eas SAG coe a tte tes 40 42 


Hudson river, midstream, off Pier A. ./40 42 
Hudson river, midstream, off Pier A. ./40 42 


STON Cy gaye Gig Battcieae tao eaten cena Sore 40 39 
Upper bay, near Robbins Reef bell 
(DWONZSS iene San SUR eae eee ce ene 40 39 


Kill van Kull, off Sailors Snug Harbor .|40 38 
Kill van Kull, off Sailors Snug Harbor./40 38 


The Narrows, midway between forts. .|40 36 


The Narrows, midway between forts. .|40 36 
The Narrows, midway between forts. .|40 36 
The Narrows, midway between forts. .|40 36 


Kill van Kull, off Sailors Snug Harbor|/40 38 
Kill van Kull, off Sailors Snug Harbor|40 38 
Upper bay, near Robbins Reef bell 

HOY cha toate Peciets pu wticase oe astee +c 40 39 


73 59 


73 59 
74 Ol 
74 O1 


48 


48 
34 
34 


= te 


30 | 5.40 62 


36 | 5.80 66 
36 | 5.80 66 


7 
adi 30 | 5.40 62 
< 
7 











30 | 5.90 68 


40 | 5.80 65 
40 | 5.80 65 


rs 
is 30 | 6.00 69 
7 
7 








30 | 6.00 69 


28 | 6.60 76 
24 | 6.70 78 


Z 
wi 28 | 6.10 70 
(4 
x 











7 32 | 6.20 71 
7 30 | 6.30 72 
7 30 | 6.20 71 


























674 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CX X V—Continued 
2—EAST RIVER, HUDSON RIVER, UPPER BAY, KILL VAN KULL AND NARROWS. FEBRUARY 18, 1913—Continued 











L f Sampl Cres 
ocation of Samples Per 
Sample | Hour eceee Tidal eo? cent. | G Per 
Novwst P. surface | CUTeDt Haatae land cent. 
Q ; g. water it satura- 
Approximate Latitude |Longitude tion 
ep RR TT SST ganda PE i Snes igs ly amc can cnn a 
348 4.25 |Upper bay, near Robbins Reef bell 
DUOY sofeids Shae crestor ire eer 40 39 10 |74 03 50 40 Flood Io 30 | 6.20 71 
349 4.50 |Hudson river, midstream off Pier A...|40 42 19 |74 O1 34 1 Flood Lay 40 | 5.80 65 
350 4.55 |Hudson river, midstream off Pier A...|/40 42 19 |74 01 34 30 Flood its 7 36 | 5.90 67 
351 5.10 |East river, midstream, at Brooklyn 
Bridges i223. pas ee Ba Seek 40 42 20 /73 59 48 1 Flood Tg 32 | 5.60 64 
352 5.15 |East river, midstream, at Brooklyn 
Bridge eesti ee ee ee 40 42 20 |73 59 48 30 Flood 12s 32 | 5.70 65 














38—SLIPS, EAST 109TH STREET AND WEST 129TH STREET, MANHATTAN. 
High water occurred at Governors Island at 1.45 P. M. The wind was northwest, light. 


FEBRUARY 14, 1913. 
















































































Po M: 
353 | 12.00 |Slip at ret of East 109th street, Har- 
lend riverse ut. succes 40 47 24 173 56 11 1 Flood 3.9 32 | 5.40 68 
354 2.00 |Slip at fat of West 129th street, Hud- 
SON TTY ET wo. Sooke o Shere yn 40 48 07 |73 57 45 1 Flood ye 62 | 6.00 66 
tel { 
4—SLIPS OF LOWER EAST RIVER AND GOWANUS CANAL. FEBRUARY 17, 1913. 
High water occurred at Governors Island at 5.20 P. M. Low water at 11.50 A. M. The wind was northwest, light. 
A. M. : 
355 | 10.30 |Slip at foot of De Graw street, East 
river, Dbroooklynwse waa eee 40 41 18 |74 00 25 1 Ebb 4.4 30 | 5.20 67 
356 | 11.00 |Gowanus canal, at Hamilton avenue 
bridges. veas Sujuees cutie ae te Oe 40 40 17 |73 59 56 1 Ebb 3.9 28 | 5.20 65 
357 | 12.00 |Gowanus canal, at DeGraw street, one 
block below pumping station at head 
Of Canal Ss. sites eee Sete Che a eee 40 41 13 |74 00 25 1 Slack 7.2 30- | 4.40 60 
5—SLIPS OF LOWER EAST RIVER. FEBRUARY 17, 1913. 
— water occurred at Governors Island at 5.20 P. M. Low water at 11.50 A. M. The wind was northwest, light. 
358 a 00 00 st of East river just west of Pier 4, 
onhatiansnccon 4. haces auc cree 40 42 04 |74 00 438 1 Flood 3.9 30 | 5.40 68 
359 4.15 |Slip of East river at foot of Coenties 
BHD cya eons eee eee oats heer 140 42 08 |74 00 35 1 Flood 3.9 30 | 5.10 64 
6—SLIPS OF EAST RIVER BELOW 24TH STREET. FEBRUARY 20, 1913 
High water occurred at Governors Island at 7.35 A. M. Low water at 2.15 P.M. The wind was northwest, light. 
a A. M. Tere Ty or oe a co 
360 | 10.00 doce ae Bridgeport Line: pier, East 
eae Teme POT APM Saree or 3 40 42 26 |74 00 04 1 Ebb 3.9 30 | 5.20 65 
361 | 10.20 Slip south of dumping pier near Brook- 
lyn: Bridges. 24 .0e gay eee oe ee 40 42 28 |74 00 01 a Ebb 3.9 30 | 5.20 65 
362 | 11.00 |Slip south of Pier 32, East river...... 40 42 42 |73 59 53 1 Ebb 4-379 30 | 5.10 64 
363 | 11.20 |Slip north of Pier 32, East river, Nor- 
arr wich Liné pier 4.2.45. Ges secede uns 40 42 42 |73 59 50 1 Ebb 3.9 30 | 5.10 64 
364 | 12.30 Slip between foot of East 23d and East 
24th streets, East river............ 40 44 08 |73 58 31 1 Ebb 4.4 32 | 5.00 64 
365 1.00 |Slip north of recreation pier at foot of 
East 24th street... .. 2.0. feces ont 40 44 12 |73 58 21 1 Ebb 3.9 32 | 5.20 65 
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TABLE CX XV—Continued 


7—SLIPS OF HUDSON RIVER. FEBRUARY 20, 1913 
High water occurred at Governors Island at 7.35 A. M. Low water at 2.15 P.M. The wind was northwest, light. 

















Locati f Sampl P a Ga 
ocation of Samples (yee Mat eas Sea 
Sample |} Hour id Tidal pee: cent. Per 
No. | P. M. Baie ot current Deo G land | ©. C.| cent. 
B-\-| water| Per | satura- 
Approximate Latitude | Longitude litre | tion 
°o ’ uv ° j Ww 
* 366 1.30 [Slip at foot of North Moore street, 
Manhattan, Hudson river.......... 40 43 13 |74 00 48 1 Ebb 4.4 32 | 5.00 64 
367 1.45 |Slip at foot of Canal street, Pier 32, 
BPO EEGTLV OLY one Ae Wiest xc « nystdon hte ho eg 40 43 28 |74 00 45 1 Ebb 4.4 32 | 5.00 64 
368 2.00 |Slip at foot of Canal street, north of 
OTTERS? G8 0) OS Sa arb ge ee ae 40 48 32 |74 00 43 1 Ebb 4.4 32 | 5.10 65 
369 2.15 |Slip between foot Jay and Duane 
streets, Manhattan, Hudson river.../40 43 06 |74 00 50 1 Ebb 4.4 32 | 5.10 65 
370 2.30 |Slip between foot Vesey and Fulton] - 
streets, Manhattan, Hudson river...|40 42 49 |74 00 53 1 Ebb 4.4 32 | 5.20 67 
371 3.00 |Slip foot of Desbrosses street, Hudson 
PER OAV LANG 6). <suie esa ao dess 40 43 27 |74 00 48 1 Ebb 4.4 32 | 4.80 62 











8—WALLABOUT CANAL. FEBRUARY 21, 1913 
High water occurred at Governors Island at 7.55 A. M. Low water at 3.15 P. M. The wind was northwest, light. 














A.M. 
372 | 11.30 |Wallabout canal, at head of canal by 


Fleeman avenue market............ 40 42 00 |73 58 08 1 Ebb 5.6 32 | 4.65 61 
373 | 11.50 |Wallabout canal, at head of canal by 
dumping pier on Navy Yard side.. ./40 42 00 |73 58 13 1 Ebb 5.6 32 | 4.70 61 

















9—NEWTOWN CREEK. FEBRUARY 21, 1913 
High water occurred at Governors Island at 7.55 A. M. Low water at 3.15 P.M. The wind was northwest, light. 























P.M. 
374 | 12.30 |Newtown creek, at Grand Street Bridge 
(Metropolitan avenue)............. 40 42 52 |73 55 54 1 Ebb 5.6 38 | 1.60 21 
375 1.15 |Newtown creek, at Vernon Avenue 
1ST aC Sean ara en, Sm are 40 44 22 |73 57 20 1 Ebb 5.6 36 | 1.40 18 
376 2.30 |Newtown creek, at Grand Street Bridge 
(Metropolitan avenue)............. 40 42 52 |73 57 20 1 Ebb 5.6 38 | 1.20 15 














10—SLIPS IN LOWER EAST RIVER. FEBRUARY 25, 1913 
High water occurred at Governors Island at 12.10 A. M. Low water at 6.30 P. M. The wind was northwest, light. 

















P.M. | 
377 4.15 |Slip west of Pier 4, East river, Man- 


Re Ger ent epa oe heel a dsgetie a oe 40 42 04 |74 00 43 1 Ebb 3.3 36 5.10 62 
378 4.30 |Slip at foot of Coenties slip, East river, 
Naan Atta. acces aie citevs ice sare 40 42 08 |74 00 35 1 Ebb 3.3 36 5.00 61 








11—HUDSON RIVER. APRIL 5, 1913 


High water occurred at Governors Island at 7.45 A. M. Low water at 2.25 P.M. The wind was northwest, with a velocity 
of 30 miles per hour. 


A.M. 
379 | 10.35 |Hudson river, midstream, off Pier A...|40 42 19 |74 01 34 1 Ebb 7.8 84 | 6.00 74 
380 | 10.38 |Hudson river, midstream, off Pier A. .|40 42 19 |74 O1 34 20 Ebb 7.8 80 | 5.90 73 
381 | 10.42 |Hudson river, midstream, off Pier A. .|40 42 19 |74 O1 34 40 Ebb se 70 | 5.80 73 
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Sample 
No. 





382 
383 
384 
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TABLE Ox XV Contaned 


11—HUDSON RIVER. APRIL 56, 1913—Continued 











Location of Samples 


Hour 


Approximate 





11.10 |Hudson river, midstream, off Stevens 
Point Poets care ans ciate etiee ae eee 
11.13 |Hudson river, midstream, off Stevens 
Points ae en eee oa ee 
11.16 |Hudson river, midstream, off Stevens 
Pot sere cae eee eee 





Ww 


° ‘ 


Latitude | Longitude 


u 


40 44 40 |74 01 04 
40 44 40 |74 01 04 
40 44 40 |74 01 04 








Oxygen 
Pe) EE 
Tidal ce cent. C.c ros 
current Deg. C. land : ae cent. 
water Tie satura- 


tion 


Ebb 7.8 86 | 6.20 76 
Ebb 7.8 82 | 6.10 75° 
Ebb 7.8 76 | 5.90 74 


12—NARROWS, KILL VAN KULL, ROBBINS REEF, HUDSON AND EAST RIVERS. MAY 29, 1913 


High water occurred at Governors Island at 4.10 P. M. Low water at 10.20 A. M. The wind was northwest, with a velocity 
of 40 miles per hour. 








385 
386 
387 
388 


A. M. , 

10.05 |Narrows, midstream, between forts... 
10.20 |Narrows, midstream, between forts... 
10.30 |Narrows, midstream, between forts. . 


11.40 |Kall van Kull, midstream, opposite 
ees eam) 


Sailors Snug Harbor... 


40 36 25 
40 36 25 
-|40 36 25 


8 50 


74 02 
74 02 
74 02 


74 06 


48 
48 
48 


25 





cr | a i fg | | | a | a | | 


389 


390 


391 
392 


11.50 |Kill van Kull, ume pppcets 
A Sailors Snug Harbor. . F dont 


12.00 |Kill van Kull, midstream, opposite 


P.M. 
12.22 |Robbins Reef, near bell buoy......... 
12.55 |Robbins Reef, near bell buoy......... 


Sailors Snug Harbor. a. oasis vias 40 38 


8 50 


74 06 


74 06 


74 03 
74 03 


25 


— ef | SSS | | | | | ET 


393 
394 
395 
396 


.05 |Robbins Reef, near bell buoy......... 
.00 |Hudson river, midstream, off Pier A... 
Hudson river, midstream, off Pier A... 
.380 |Hudson river, midstream, off Pier A... 


NnNnNe 
_ 
Or 


ee Oe ee ee 


397 
398 
399 
400 


05 |East river, midstream, at Brooklyn 
East river, midstream, at Brooklyn 
.380 |East river, midstream, at Brooklyn 


Bridge [25404 Bees Arlee co bnh Se 
.45 |Narrows, midstream, between forts. .. 


we GN Oo Oo 
_ 
ou 


BG, cicaqucte ee ee ee 40 4 
Bride ety Masccrockear cite an eae 40 4 


73 59 
73 59 
73 59 


74 02: 


48 
48 


48 
48 


401 
402 
403 


404 


00 |Narrows, midstream, between forts... 
Narrows, midstream, between forts. . . 
.55 |Kaill van Kull, midstream, off Sailors 
Silay Eiarpor vac desc mel tee eee 
.05 |Kall van Kull, midstream, off Sailors 


oO Ororer 
— 
Oo 


Snes Harbort ses oe eee 40 3 


74 02 
74 02 


74 06 
74 06 


48 
48 


25 
25 


CU ar) (n(n ne ee ee eS SS ee 


405 


406 
407 
408 


.15 |Kill van Kull, midstream, off Sailors 
Soug Harbor liao ne. eae 


.00 |Robbins Reef, near bell buoy......... 
.15 |Robbins Reef, near bell buoy......... 


NINO Oo 


.45 |Robbins Reef, near bell buoy........ .|4 


—_—_—_—_—,_|—— |S | | | | | Ys LT | FT 


409 
410 
411 


dl 


7.50 |Hudson river, midstream, opposite 


Colgates:..)xniicia0Pm ce ieeceh aera 40 42 


8.00 |Hudson river, midstream, opposite 


Colgates........ om af op cea laeate pie a ..|40 42 


8.10 |Hudson river, 


Colgatesiy......c vate spew eet 40 42 
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13—EAST RIVER, HUDSON RIVER, ROBBINS REEF, KILL VAN KULL AND NARROWS. JUNE 11, 1913 


High water occurred at Governors Island at 2.10 P. M. Low water at 8.10 A. M. The wind was west, with a velocity of 
5 miles per hour. 













Oxygen 










Per 


Location of Samples MDS SS OE tay 
cent. Per 


Feet Tidal Temp. 


Sample | Hour below water 












No. | A.M. current land | C- C.| cent. 
surface Deg. C. water 1) Pete | saturaq 
Approximate Latitude |Longitude itre | tion 
ee een ence cy. i). heryaer lo. @mierke GRibeeoo Vals | et oa de 
412 9.05 |East river, midstream, at Brooklyn 
CEG ICH TS a0 Re one Ga SS 40 42 20 |73 59 48 1 Flood 16.5 34 | 2.49 40 
413 9.15 |East river, midstream, at Brooklyn 
EES AS a SE a) ee 8 40 42 20 |73 59 48 15 Flood 16.5 34 | 2.80 45 
414 9.25 |East river, midstream, at Brooklyn 
VISES Gated te A ae ag om Ee 40 42 20 |73 59 48 30 Flood 16.5 34 | 2.51 41 
415 9.45 |Hudson river, midstream, off Pier A..|40 42 19 |74 01 34 1 Flood 17.7 Die S77 60 
416 9.50 {Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 15 Flood 1 9 47 08 82 


417 9.55 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 30 Flood L7. 
418 | 10.30 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 1 Flood qi: 


419 | 10.40 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 20 Flood £7. 


| | Fes OO SS | LS SSS 


i 
ist) 
Our GO On 
(se) 
J 
x] 
—_ 






NINO 


420 | 10.50 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 40 Flood 18.5 34 | 5.58 93 
421 | 11.05 |Kill van Kull, midstream, off Sailors 

Bir SEaTOOR Soe. ooo 84s ek 40 38 50 {74 06 25 1 Flood AW fect 34 | 4.39 73 
422 | 11.15 |Kill van Kull, midstream, off Sailors 

PME, £1 ONION, gate hase hiss SRI Ss eos 40 38 50 |74 06 25 15 Flood 17 34 | 4.21 71 
423 | 11.20 |Kill van Kull, midstream, off Sailors 

DDUGe ATOR yen ia ones oe a 40 38 50 |74 06 25 30 Flood 18.5 34 | 3.92 66 






P.M. SRG eae |! | lo ees ee 
424 | 12.05 |Narrows, midstream, between forts...|40 36 25 |74 02 48 
425 | 12.10 |Narrows, midstream, between forts...|40 36 25 |74 02 48 


ize) 
oO 
Ee PPP 
bo 
—_ 
aI 
fo) 






426 | 12.15 |Narrows, midstream, between forts. ..|40 36 25 |74 02 48 33 15 67 
427 1.05 |East river, midstream, at Brooklyn 
Cre ee. A cits a.) se RS 40 42 20 |73 59 48 40 83 85 
428 1.15 |East river, midstream, at Brooklyn 
PCCD ie nia toaterakies aaae% 40 42 20 |73 59 48 15 Flood 17.8 40 | 4.56 75 
429 1.25 |East river, midstream, at Brooklyn 
err a. etots ole watt: « we shes 40 42 20 |73 59 48 30 Flood 17.8 39 | 5.08 84 
430 1.50 |Hudson river, midstream, off Pier A. ./40 42 19 |74 01 34 1 Flood 18.4 40 | 4.11 68 
431 1.55 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 15 Flood 17.8 43 | 4.12 69 
432 2.00 |Hudson river, midstream, off Pier A. .|40 42 19 |74 O1 34 30 Flood 17.2 40 | 4.72 en 
433 2.45 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 1 Ebb 17.8 29 | 5.26 89 
434 2.50 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 20 Ebb 17.8 24 | 5.36 91 
435 3.00 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 40 Ebb 17.2 27 | 5.83 98 
436 3.30 |Kill van Kull, midstream, off Sailors 
PIU PPI AT DORE ; trae ais) abs» og site 40 38 50 |74 06 25 1 Ebb 18.4 36 | 4.61 78 
437 3.35 |Kill van Kull, midstream, off Sailors 
Riaroor heer te i oak 40 38 50 |74 06 25 15 Ebb 17.8 35 | 4.40 73 
438 3.45 |Kill van Kull, midstream, off Sailors 
Bee Et arOOFe 2 ine a fee sss see 40 38 50 |74 06 25 30 Ebb 17.2 50 | 4.33 72 
439 4.20 |Narrows, midstream, between forts. ..|40 36 25 |74 02 48 1 Ebb 18.0 29 | 5.66 96 
440 4.25 |Narrows, midstream, between forts...|40 36 25 |74 02 48 30 Ebb 17.2 28 | 5.32 89 
441 4 7 24 6.07 102 


.35 |Narrows, midstream, between forts. ..|40 36 25 |74 02 48 60 Ebb 16. 











14—EAST RIVER AT BROOKLYN BRIDGE. JUNE 17, 1913 


Low water occurred at Governors Island at 1.45 P. M. The wind was southwest, with a velocity of 5 miles per hour. 











P.M. 
442 2.13 |100 feet off North Pier headline....... 40 42 25 |73 59 53 1 Flood 20.0 31 0.40 7h 
443 2.20 {100 feet off North Pier headline....... 40 42 25 |73 59 53 18 Flood 19.4 31 PARTON 48 
444 2.25 |100 feet off North Pier headline....... 40 42 25 {73 59 53 35 Flood 19.4 31 2.67 47 
445 PROOMINITAStreRIN eT bins See: ale cle ale secs bees 40 42 20 |73 59 48 1 Flood 19.4 31 Quite 48 


446 Bode {Midstream ey. ... suas o Se Mis 2 ae essere 40 42 20 |73 59 48 18 Flood 19.4 31 | 2.12 37 
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TABLE CX X V—Continued F 
14—EAST RIVER, HUDSON RIVER, ROBBINS REEF, KILL VAN KULL AND NARROWS. JUNE 11, 1913—Continued 





z Oxygen 
Location of Samples OF eee 
Sample | Hour ee Tidal to cent. C Per 
Ga P.M. current land 5 cent. 
SS a a ea Loe Deg. C. water | | Fd tas 
Approximate Latitude | Longitude itre | ‘tion 


i i | | | fT | | a | 


447 9 40) Midstream iv. etc e oe ee ee ee 40 42 20 |73 59 48 35 Flood 19.4 30 | 3.56 62 
448 2.50 |500 feet east of Brooklyn Bridge and 

100 feet off pier headline on south 

Shorea ca Peeters Use) eee 40 42 15 |73 59 43 1 Flood 19.4 31 | 2.47 43 
449 2.55 |500 feet east of Brooklyn Bridge and 

100 feet off pier headline on south 

BOLE Arete Bae kee me enre aes oe 40 42 15 |73 59 43 18 Flood 18.9 32 | 2.07 35 
450 3.00 |500 feet east of Brooklyn Bridge and 

100 feet off pier headline on south 

BHOPE Ways. Mo eae te Mey vee eee 40 42 15 |73 59 43 35 Flood 19.4 31 | 2.06 30 


15—EAST RIVER, CROSS-SECTION, PIER NO. 10. JULY 2, 1913 


High water occurred at Governors Island at 7.15 A. M. Low water at 1.10 P.M. The wind was southwest, with a velocity 
of 5 miles per hour. 








ASS 
451 7.25 1100 feet of west shore...........\.... 40 42 09 |74 00 22 1 Ebb Ni: 31 2.34 42 
452 7.30 |100 feet off west shore............... 40 42 09 {74 00 22 15 Ebb IAAT 30 2.82 51 
453 7.55) |LOO%feet off westishores, 400 en. eer 40 42 09 |74 00 22 30 Ebb PAL LP 30 203 47 
454 CSO ANIACS WAY) OVERS cect eee eee 40 42 07 |74 00 17 1 Ebb 21.7 30 | 2.49 43 
455 Ted A WAY OVERS ee en ee eee 40 42 07 |74 00 17 15 Ebb oa bee 30 2.97 54 
456 (Re a AR EN AUNES Se eins Gore Pa oObe as clo clots 40 42 07 |74 00 17 30 Ebb 2A 26 2.94 54 
457 7 BOLTS Way OVEIS Sb vote, a ee eee 40 42 03 |74 00 11 1 Ebb 21.4 26 2.30 42 
458 7,52. 134 WAY OVERS. (Ate ae Oe ee eee 40 42 03 |74 00 11 15 Ebb Dal 26 2.56 47 
459 7-55) |}6 WAY OVED ett, ee ee ere 40 42 03 |74 00 11 30 Ebb 2127 30 Sear 60 
460 STOOL |SZaway OVEr- ee pee eee ae 40 42 00 |74 00 05 1 Ebb 21e4 31 2.51 45 
461 BOS Way OVEr eet eee Ocoee ae 40 42 00 |74 00 05 15 Ebb 21.4 26 2.63 48 
462 StLOMEZ Way OVEr oo ote ee ta ee: 40 42 00 |74 00 05 30 Ebb 217 30 | 2.99 54 
463 8.20 |100 feet off east shore............... 40 41 57 |74 00 00 1 Ebb 21.9 31 2.36 43 
464 8.25 |100 feet off east shore............... 40 41 57 |74 00 00 15 Ebb 21.7 31 1.96 3D 
465 8.30 |100 feet off east shore............... 40 41 57 |74 00 00 30 Ebb 2124 30 Zale 49 
466 9.55 |100 feet off west shore............... 40 42 09 |74 00 22 1 Ebb 230 380 | 2.44 45 
467 10.00 |100 feet off west shore............... 40 42 09 |74 00 22 15 Ebb Deja se ol 1.92 35 
468 10.05 |100 feet off west shore............... 40 42 09 |74 00 22 30 Ebb 27 31 2.14 38 
469 10.10) sway overs:. o.e0e .. cs eek ane 40 42 07 |74 00 17 1 Ebb PNP 31 2.28 41 
470 1012" |Ueoway Overt. 22) ctor ce oe ee 40 42 07 |74 00 17 15 Ebb PA a Fi 31 1.85 33 
471 10 Soe Weway Overennc tome ce oe pi ee 40 42 07 |74 00 17 30 Ebb PAY 31 3.04 55) 
472 10°20) | 26-way overter- cue tce ek ae eee 40 42 03 |74 00 11 1 Ebb 22.0 aul 1.90 33 
473 10.25). to Wa OVER alas soe. ch eee 40 42 03 |74 00 11 15 Ebb 22.0 35 1.54 26 
474 10.27 [Sorway Gveriwct. seen. ee poe eee 40 42 03 |74 00 11 30 Ebb 21.7 36 2.67 48 
475 10.28: |e way over’. cc. tte scene tate Aes 40 42 00 |74 00 05 1 Ebb IAA 34 2.29 41 
476 10: 30n|S4eway Overs.) 27 pee ere nee 40 42 00 |74 00 05 15 Ebb 219 7h 31 1.52 25 
477 10.35: (24 way OVeEri.c- oh be ahs Pee 40 42 00 |74 00 05 30 Ebb 27 31 2.60 47 
478 10.40 |100 feet off east shore............... 40 41 57 |74 00 00 il Ebb DAL 34 2.34 42 
479 10.43 |100 feet off east shore............... 40 41 57 |74 00 00 15 Ebb PAL ll 34 0.83 15 
480 ye ; Sr 100 feet off east shore............... 40 41 57 |74 00 00 30 Ebb 21.7 34 | 2.60 46 
481 12.30 100, feet off west shere....0- oe nee 40 42 09 {74 00 22 1 Flood Puy 8 32 1.39 26 
482 12.35 |100 feet off west shore............... 40 42 09 |74 00 22 15 Flood PIA, De 31 {42 26 
483 12.40 |100 feet off west shore............... 40 42 09 |74 00 22 30 Flood Pap >> 31 0.99 18 
484 12,42 yoway overs)... fee eee 40 42 07 |74 00 17 i Flood Dal 6 31 167 32 
485 12°46). Uewaly Over... tees. Lae oe eee 40 42 07 |74 00 17 15 Flood 217 31 1.33 22 
486 12.60 1 ioway aver. ioe ces eee 40 42 07 |74 00 17 30 Flood Qed 31 2.80 40 
487 12.55: | }etway. over. ch dunk oe eee eee 40 42 03 |74 00 11 vi Flood 7A ard 31 0.69 13 
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Locati fs 1 thas 
cation of Samples Pes) 
Sample | Hour Feet | Tidal | TemP- | cent. Per 
No. | P.M. arty current sear land -\-) cent. 
, : fie ies “8: | water | Per | satura- 
Approximate Latitude | Longitude litre | tion 
ESS SY a ° , ” ° if. ” 
SM Ee WAY OVED... cs. c esc ec cee ten ees 40 42 03 |74 00 11 15 Flood aileced| 31 | 0.89 16 
489 NOOR onWAVEOVED. cca ak cs faces se cates cee 40 42 03 |74 00 11 30 Flood DAVE 31 1.85 34 
490 PNET AY, OV GE ob ais cence a aie sie divi e'e oe see 40 42 00 |74 00 05 1 Flood PAN Ef 31 1.89 34 
491 Me PEWS VCOVET: oes. cine oss tse ee one 40 42 00 |74 00 05 15 Flood DAW oF BRL || Payaye 40 
492 MOR REY OVEL. fh. oie spsiewe «wise 0 he'e ele diese 40 42 00 |74 00 05 30 Flood 21-7 31 | 0.90 16 
493 1.17 |100 feet off east shore............... 40 41 57 |74 00 00 1 Flood 22.2 Be e2219 40 
494 1.20 |100 feet off east shore............... 40 41 57 |74 00 00 15 Flood 21.7% 34 | 1.85 30 
495 1.25 |100 feet off east shore............... 40 41 57 |74 00 00 30 Flood yA af Sh 10:97 18 
496 2.40 |100 feet off west shore............... 40 42 09 |74 00 22 1 Flood 22.8 PAGS alls Ve rs 32 
497 2.43 |100 feet off west shore............... 40 42 09 |74 00 22 15 Flood Pe Sle eaes 44 
498 2.47 |100 feet off west shore............... 40 42 09 |74 00 22 30 Flood PANE 30 | 2.41 53 
499 OE AEWAY OVELO. co co Sac sss cane oa ue 40 42 07 |74 00 17 1 Flood 22.2 33 | 3.67 67 
500 EWAN, OVE ihe nh cies o ots sins sues shale 40 42 07 |74 00 17 15 Flood 22.2 33 | 1.85 33 
501 MT WAY, OVEL Soe nrc cee e eae g eee 40 42 07 |74 00 17 30 Flood Let, Sie Bycreeig k 38 
502 BIE TAY OVET.. ccs cake 6 oss ses oo ober 40 42 03 174 00 11 1 Flood 22.0 33 | 1.89 34 
503 Mae WAVTOVERS « cic:cs a 5,000e.0 6 soe eset eee 40 42 03 |74 00 11 15 Flood 22.0 aE Paes pee dee 25) 26 
504 See WAY LOVER. (00.0 Givers 6 bes on chs owls oie 40 42 03 |74 00 11 30 Flood 22.0 33 | 2.84 51 
505 BPM WAY OVELo. decscc ce eect ences 40 42 00 |74 00 05 1 Flood 22.2 30} 2.01 47 
506 MEMES, WAY OVER. 5... sic cite oie osha eee» oige 40 42 00 |74 00 05 15 Flood Dhak DOiheee 36 
507 Sed WAY OVEDs occ adc e nds ec eee ems 40 42 00 |74 00 05 30 Flood v8 ely | 33 | 2.20 40 
508 3.20 {100 feet off east shore............... 40 41 57 |74 00 00 1 Flood 22.2 Bo BAR) 45 
509 Seon lOO ect off east shore: .)......-.:.-. 40 41 57 |74 00 00 15 Flood PART: 33 1.45 26 
510 3.28 |100 feet off east shore............... 40 41 57 |74 00 00 30 Flood 21.7 33 1.97 36 
611 4.55 |100 feet off Pier 10, Manhattan......./40 42 09 |74 00 22 1 Flood 22.2 33. |.1.54 28 
512 4.58 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 Flood 74 Ned 36 | 0.85 15 
513 5.03 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Flood Zlud 33° | 2.0L 41 
514 PRE eORWAY ACLOGS «<< oc wie yc sons oo a0 ogee 40 42 03 {74 00 11 1 Flood 22.2 33 | 0.88 14 
515 NT GOWOY ACTOSS. Sioscc ns ices wae te wn oes 40 42 03 |74 00 11 15 Flood di Wf 33 | 1.58 29 
516 DCm | OLWAY, ACTOSS. 24.0% se)si- che « cies. 0 eve. Muse 40 42 03 |74 00 11 30 Flood 22,2 Ata A ete, 54 
517 WAN, BOTOSS ei wanes eosin s ye ele oes 40 42 00 |74 00 05 1 Flood 22.0 40 | 2.67 47 
518 Pe EWAY ACTORS... sac50 5 (ss > oaye wm thee 40 42 00 |74 00 05 15 Flood 3 WY | 36 | 2.45 43 
519 Dan Ae WAY, ACLOSS fe os gels oisie clean ses e8 40 42 00 |74 00 05 30 Flood PAU 33 | 3.43 63 
520 5.25 |100 feet off Pier 10, Brooklyn......... 40 41 57 |74 00 00 1 Flood Dhak Si 2.29 41 
521 5.28 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Flood 21.7 36 | 2.35 42 
522 5.31 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Flood PAL Tf 36 2.54 44 
523 6.20 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Flood 22.2 34 | 0.84 15 
524 6.22 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 Flood rahe es 33 | 2.63 47 
525 6.25 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Flood 21.7 oo.) Ine oe 42 
526 MM WTAY ACTORS. | chose eee eee 40 42 07 |74 00 17 1 Flood A Wel cy et el es 29 
527 Ee UA ao or ae 40 42 07 |74 00 17 15 Flood 21.1 32. | 2.36 40 
528 Ree ee We BY BCTORS 5 5.5) mw eie aropees: ogee oa abet 40 42 07 |74 00 17 30 Flood 21.7 34 | 3.13 55 
529 EE WAY RECTORS oa ccc coe cio oss ee ope 40 42 03 |74 00 11 1 Ebb 21.7 ah Pen Ne Bei! 32 
530 Beans Way ACTOSS 2, 6 ee ee ee eee 40 42 03 |74 00 11 15 Ebb BA Ws 32 | 3.15 57 
531 RPT OO WAY BCTOSS. ow ocin vee + ce ee 2 o> sone 40 42 03 |74 00 11 35 Ebb v2 es 32, |.2.81 50 
532 ea aS BCFORS: 5 os otis ores ces aly ous 40 42 00 |74 0005/] 1 Ebb Blick 32, 1.2.90 52 
533 Dee WEY ELTOSS 0. ss nape vei ouge Hence 40 42 00 |74 00 05 ithe Ebb 4 ay | aA ipa bs! 38 
534 gernetes WAY GCIOSS.......2 01-202 ce cases 40 42 00 |74 00 05 30 Ebb vA Gee § 32 | 2.74 50 
535 7.04 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Ebb Dying 32 | 2.74 50 
536 7.08 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Ebb leg 32 | 2.05 37 
537 7.10 {100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Ebb 21.7 32 | 2.73 50 














680 DATA RELATING TO THE PROTECTION OF THE HARBOR 
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16—NARROWS, CROSS SECTION, BETWEEN FORTS LAFAYETTE AND WADSWORTH. JULY 3, 1913 


High water occurred at Governors Island at 8.05 A. M. Low water at 2.15 P. M. The wind was southwest, with a velocity 
of 5 miles per hour. 


: Oxygen 

Location of Samples Jae | 
Sample | Hour . ope Tidal cone. pees ie 
No. A Mae] ee Ee a ae current n cent. 

surface Deg. C. ation Aaa atures 
Approximate Latitude |Longitude tion 

rs as i me i MigimicG@en ee 
538 7.40 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Ebb 20.6 24 | 4.35 78 
539 7.45 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 15 Ebb 20.8 20 | 3.60 65 
540 7.50 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 30 Ebb 20.6 20 s4ee3o 79 
541 1 DO tte WAY, SETOSS: Jct te pease hte 40 36 27 |74 02 34 1 Ebb 20.8 22 | 3.44 62 
542 8,00: )4 way SeTOss-cre5 ee Pe ee een 40 36 27 |74 02 34 20 Ebb 20.3 20-2 beaks 56 
543 8508 1k Way acr0Sd eee ee eee 40 36 27 |74 02 34 40 Ebb 20.0 21 yi 2248 62 
544 $215 %\)4iway across: 2.03 ee aon eee 40 36 25 |74 02 48 1 Ebb 20.6 24 | 3.35 60 
545 S217 leeway across ns ee sere eee 40 36 25 |74 02 48 30 Ebb 20.6 24 3.89 69 
546 8. 20° 114 way across. {tone cease oe 40 36 25 |74 02 48 60 Ebb 20.0 21 4.30 79 
547 8/252 |34 way AClOSS.p een nein ee Pai ers 40 36 23 |74 03 02 1 Ebb 20.6 24 | 4.05 73 
548 8:29 184 way. across... eee oe ae ee 40 36 23 |74 03 02 20 Ebb 20.6 20. | 3.66 66 
549 832.154 way aerogs. ae en he eee eee 40 36 23 |74 03 02 40 Ebb 20.0 DALE NB shep 70 
550 8.39 |200 feet off Fort Wadsworth.....:... 40 36 21 |74 08 12 1 Ebb PAWS 26 4.26 if 
551 8.43 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 20 Ebb 20.6 PPR Mitsseteili 70 
552 8.45 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 40 Ebb 20.0 22 | 4.80 85 
553 9.52 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Ebb D1 7 27 3-40) 62 
554 9.55 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 15 Ebb | 21.7 Daa cel 70 
555 10.00 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 30 Ebb FADE 22 ale a0 68 
5561) 10050 away, &crosa1cactte tered es eee 40 36 27 |74 02 34 1 Ebb leas 26 | 3.19 59 
557 10°10) (24 way Seross.5 4. sae era te ene eee 40 36 27 |74 02 34 20 Ebb PAH 25 3.29 59 
558 at 10. 15) i ewaycaerass sama cag te ee 40 36 27 |74 02 34 40 Ebb 20.6 20 | 4.48 81 
559 105208 24 Wayencross eis ar ae eee none 40 36 25 |74 02 48 1 Ebb 2107 oo 3.30 60 
560 4712102255 Leoway-across. eure eee ee 40 36 25 |74 02 48 30 Ebb Zit 22 ese el 69 
561 LOSSO so Vay ACTOSS yc nc sre nee ee 40 36 25 |74 02 48 60 Ebb 20.6 20 | 4.40 90 
562 LOSSES GaWayaSClOssae = ae ee eee ee 40 36 23 |74 03 02 1 Ebb 22.2 30 Oude 68 
563 1OSSG ue Way aCrOBs sn ence ero ee 40 36 23 |74 03 02 20 Ebb 20.6 20 4.04 73 
562°) -10°.40: 24 way across ou. Jno ees Sere 40 36 23 |74 03 02 40 Ebb 20.3 20 | 3.90 71 
565 10.47 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Ebb Pippa 29 3.45 62 
566 | 10.50 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 20 Ebb DG 29. 03.45 63 
567 a ue 200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 40 Ebb 20.6 22 4.19 76 
568 | 12.10 |200 feet off Fort Lafayette...........|40 36 29 |74 02 24 1 Ebb | 22.0 | 29 | 4.74] 86 
569 | 12.15 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 15 Ebb 2 lee ey | Rei 70 
570 | 12.20 |200 feet off Fort Lafayette...........|40 36 29 174 02 24 30 Ebb 21.2 23° | 3:74 68 
571 12°25" | away ACrOSs-s.an oe es sae ene 40 36 27 |74 02 34 1 Ebb 2150 29 2.89 52 
572-5, 12230.) away: across ene ee oe eee 40 36 27 |74 02 34 20 Ebb 21:7 Zi Ns 2as 50 
573}. E2035 way acrosaci. o.oo ee 40 36 27 |74 02 34 40 Ebb PANT 26 | 3.50 64 
574 12:40 | Ye way SCrOss eta i ee eee 40 36 25 |74 02 48 1 Ebb As Ti Zt 2.85 52 
575 12-43-11 -waiycACross.. secs oseeiks os ee ee 40 36 25 |74 02 48 30 Ebb 21.7 2 2.62 48 
576 12: 455) tonway acrosse asia (oe eee 40 36 24 |74 02 48 60 Ebb Patni 25 3.73 68 
577 12: 50. 4\34cway across). eee eee 40 36 23 |74 03 02 1 Ebb Pe Werf 29 Boo! 64 
578. 1.12.55 -154 way aeross.5.4 0 eee 40 36 23 |74 02 03 20 Ebb ler 2¢ | 3.43 63 
579 1. 00; |S4 WAY: ACKOSSi ee ee ee 40 36 23 |74 03 02 40 Ebb Pay ye See! 60 
580 1.05 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Flood 222 29 | 2.89 54 
581 1.10 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 20 Flood Diana 29 3.14 57 
582 1.15 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 40 Flood 21.4 27 =| 4.94 88 
583 2.25 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Flood 22.0 32 2.69 43 
584 2.30 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 15 Flood DAYS 27 ~\.3.20 58 
585 2.35 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 40 Flood 21.7 27 «| 2.65 48 
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Location of Samples 
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——_— | | — —  —  ———_)§ |< |  — — — _ | | es | | | |] _— 


orc 
Nwe 
or 


Approximate Latitude 
° y u" 

Re ENERETORS TPO doris oe nv Soden Ss 40 36 27 
GR oR TISS Sie ine Seo doc ia ace ates wie 5 40 36 27 
BAGAY BOLORS Peele ces weit sce eke by 40 36 27 
BoeWAY SCTOSS. ee de ki ee a es 40 36 25 
ESE TOLLS a a 40 36 25 
PERSE ACTORS cede a hoes cos eg 08S 40 36 25 
EAU BCPORA I 20 ys cede b sels mova) ole eres 40 36 23 
PMV AVEACLOSA Ge SMCS eras shies eee 40 36 23 
34 way across 2 Tih eo Ra Eee 40 36 23 
200 feet off Fort Wadsworth......... 40 36 21 
200 feet off Fort Wadsworth......... 40 36 21 
200 feet off Fort Wadsworth......... 40 36 21 
200 feet off Fort Lafayette........... 40 36 29 
200 feet off Fort Lafayette........... 40 36 29 
200 feet off Fort Lafayette........... 40 36 29 
PUI RETOSS: 02 5 Ao nob 4 apces siedos a 40 36 27 
VE ESE COMO eae Se EE ae 40 36 27 
PAR WAWAACIORS ser tr in c oa eso else be 40 36 27 
ARO. AD ES te aa ae ea ae 40 36 25 
DEW OA VEACTOSS ty, Wile ene We cieias Ges 40 36 25 
Par WWERELORS 28 teu ays is Nao ote odes 40 36 25 
DAE HIVE ACT OSRM ts tna) tp as sae Aaah see 40 36 23 
DAB AVEACTOSS lien, ay ies 4 eal Gl etisy sees 40 36 23 
PARMA OCKORN bs. 2b ee he ie cous 3 40 36 23 
200 feet off Fort Wadsworth.......... 40 36 21 
200 feet off Fort Wadsworth......... 40 36 21 
{200 feet off Fort Wadsworth......... 36 21 


\ Per 

Feet Tidal Temp. cent. 

below aurent water land 

surface Deg. C. aaa 
Longitude 
fe} / a” 
74 02 34 1 Flood 217 32 
74 02 34 20 Flood PRE 726( 
74 02 34 40 Flood DB UETE Za 
74 02 48 1 Flood Pep) ye oo 
74 02 48 30 Flood ae In| 
74 02 48 60 Flood PAN De 33 
74 03 02 1 Flood ee, oo 
74 03 02 20 Flood ie, 29 
74 03 02 40 Flood DA 27 
74 O37 U2 1 Flood DAI Dap 
74 03 12 20 Flood lee, 24 
(4203512 40 Flood ie, 24 
74 02 24 1 Flood 22 a2 25 
74 02 24 15 Flood ALIN 24 
14 02 24 30 Flood PA Waa 24 
74 02 34 1 Flood Pep APs it 
74 02 34 20 Flood ile 28 
74 02 34 40 Flood PIN De Pex 
74 02 48 it Flood PAL EAL 28 
74 02 48 30 Flood 2202 aH A 
74 02 48 60 Flood Ziel 18 
74 03 02 u Flood DA Di 
74 03 02 20 Flood Paps Be Pa 
74 03 02 40 Flood Ze 18 
1& 03712 Ae Flood Bah Ga 27 
74 03 12 15 Flood 2 Dees 25 
74 03 12 30 Flood 21.1 25 


Oxygen 
Per 
c cent. 
litre | Stura- 
3.38 61 
2.66 49 
Beat 60 
DELO 56 
3.20 59 
3.30 59 
3.64 66 
3243 67 
3.80 68 
Bae 65 
Pes (ee 68 
3.91 71 
4.04 75 
3.67 66 
3.67 66 
3.47 64 
3.67 66 
4.26 78 
3.81 70 
3.30 60 
ais 66 
Sai 67 
4.04 79 
3.56 66 
3.70 69 
4.18 itty 
4.56 83 

















17—EAST RIVER, BROOKLYN BRIDGE TO 118TH STREET. JULY 7, 


1913 


High water occurred at Governors Island at 12.35 P. M. Low water at 6.50 P. M. The wind was northwest, with a velocity 


of 5 miles per hour. 


613 
614 


P.M. 
.35 


ee 
uN 
on 








Midstream, at Brooklyn Bridge....... 40 42 
Midstream, at Brooklyn Bridge....... 40 42 
Midstream, at Brooklyn Bridge....... 40 42 
Midstream, at Manhattan Bridge..... 40 42 
Midstream, at Manhattan Bridge..... 40 42 
Midstream, at Manhattan Bridge..... 40 42 
Entrance to Wallabout bay.......... 40 42 
Entrance to Wallabout bay.......... 40 42 
Entrance to Wallabout bay.......... 40 42 
Midstream, at Williamsburg Bridge.../40 42 
Midstream, at Williamsburg Bridge...|40 42 
Midstream, at Williamsburg Vridge...|40 42 
Midstream, opposite 23d street.......|40 44 
Midstream, opposite 23d street....... 40 44 
Midstream, opposite 23d street....... 40 44 
Opposite 42d street..............0... 40 44 
Opposite 42d street................. 40 44 
Opposite 42d street................. 40 44 
Blackwells Island Bridge............ 40 45 


73 59 48 1 Ebb 22.0 29 
73 59 48 15 Ebb 22.0 29 
73 59 48 30 Ebb 22.0 29 
73 59 28 1 Ebb 22.0 29 
73 59 28 15 Ebb 22.2 29 
73 59 28 30 Ebb CAT 27 
73 58 15 1 Ebb 21.7 29 
73 58 15 15 Ebb 22.2 29 
73 58 15 30 Ebb 22.2 23 
73 58 21 1 Ebb 22.2 31 
73 58 21 15 Ebb 21.7 29 
73 58 21 30 Ebb 215% 29 
73 58 05 1 Ebb 21.7 29 
73 58 05 15 Ebb 21.1 30 
73 58 05 30 Ebb 21.0 28 
73 57 55 1 Ebb 20.6 26 
73 57 55 15 Ebb 20.6 26 
73 57 55 30 Ebb 20.0 24 
73 57 30 1 Ebb 20.0 24 
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eee : Oxygen 

Location of Samples er |—___—_____ = 
Sample | Hour wed Tidal ie cent. Per 
IN Oy.) Pe My ost se re ee current land -.. | cent. 

surface Deg. C. water'|. Pol Ml sateen 
Approximate Latitude | Longitude _| litre tion 

es es nar non ctr Pa eooy Fifi Goth ee 
632 4.20 |Blackwells Island Bridge........ .....|40 45 25 |73 57 30 15 Ebb 20.0 24 | 2.66 48 
633 4.25 |Blackwells Island Bridge............. 40 45 25 |73 57 30 30 Ebb 20.0 24 | 2.56 44 
634 ASO AT Mill ROCK shes coor ate carat. oe eee 40 46 50 |73 56 25 1 Ebb 19.4 23 1.38.23 57 
635 SSOGStAG NU ROCK s.r ce abe Sao nee 40 46 50 |73 56 25 15 Ebb 18.8 23 | 3.92 69 
636 DOostAG MUL ROCK cer cert aerate te tees 40 46 50 |73 56 25 30 Ebb 18.8 23 |.3.07 54 
637 5.12 |Harlem river, 109th street........... 40 47 23 |73 56 07 1 Ebb 19.4 23 | 2.90 51 
638 5.20 |Harlem river, 109th street........... 40 47 23 |73 56 07 15 Ebb 19.4 19 | 3.06 55 
639 5.25 |Harlem river, 109th street........... 40 47 23 |73 56 07 25 Ebb 19.4 27 | 2.94 51 
640 5.35 |Harlem river, 118th street........... 40 47 41 |73 55 44 1 Ebb 20.6 24 |.1.25 20 
641 5.40 |Harlem river, 118th street........... 40 47 41 |73 55 44 12 Ebb 19.4 PR NBA 44 
642 5.45 |Harlem river, 118th street........... 40 47 41 |73 55 44 20 Ebb 19.4 19 | 1.84 32 


18—EAST RIVER, CROSS-SECTION, LAWRENCE POINT. JULY 8, 1913 


Low water occurred at Governors Islanp at 7.30 A. M. High water at 1.20 P. M. The wind was northwest, with a velocity 
of 3 miles per hour. } 


A.M. 














643 7.00 |Lawrence Point, near black buoy...../40 47 34 |73 54 30 1 Flood 18.9 22 | 2.55 45 
644 7.03 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 21 Flood 18.3 22 | 3.39 59 
645 7.06 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 40 Flood 18.0 22 | 3.84 57 
646 7 JON VL il-chanmel os aoe ore ee ane or eae 40 47 25 |73 54 31 1 Flood 18.0 22 | 3.39 59 
647 Te Lo Mid-channels.i2i ea hee ao ohne Sern 40 47 25 |73 54 31 18 Flood 18.3 22 | 2.69 47 
648 7.15 \Mid-channel. 2.0... +. 5s ad ats Page: 40 47 25 |73 54 31 35 Flood 18.3 22 | 3.42 59 
649 7.20 |200 feet off ferry, East 234th street. ..|40 47 56 |73 54 31 1 Flood 18.3 20) | xo. k3 54 
650 7.25 |200 feet off ferry, East 234th street...|40 47 56 |73 54 31 15 Flood 17.8 22 | 2.66 46 
651 7.30 |200 feet off ferry, East 234th street. ..|40 47 56 |73 54 31 30 Flood 17.8 20 | 2.99 51 
652 8.20 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 1 Flood 18.3 20 | 3.19 55 
653 8.23 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 21 Flood 18.3 22 | 3.29 57 
654 8.25 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 40 Flood 18.3) 26 | 4:12 71 
655 8.35 wiMid-channelisescet see aoe seen Seka Ue 40 47 25 |73 54 31 1 Flood 18.3 24 | 4.18 72 
656 8.30 iMid-channel.. gc. 800). eNews, cannes 40 47 25 |73 54 31 18 Flood 18.6 24 | 3.69 64 
657 $40 iMid-channel fs eee Gay cree, la 40 47 25 |73 54 31 35 Flood 18.6 24 | 4.41 76 
658 8.45 |200 feet off ferry, East 234th street...|40 47 56 |73 54 31 1 Flood 18.3 24 | 3.46 60 
659 8.48 |200 feet off ferry, East 234th street. ..|40 47 56 |73 54 31 15 Flood 18.3 24 | 3.37 58 
660 8.55 |200 feet off ferry, East 234th street...|/40 47 56 |73 54 31 30 Flood 18.3 24 | 3.03 52 
661 9.55 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 1 Flood 20.0 24 | 2.35 42 
662 | 10.03 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 21 Flood 20.0 24 | 2.58 46 
663 | 10.06 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 40 Flood 18.9 30 | 2.88 41 
664-110. 10, Mid-channels sgh 98 ee ee ee 40 47 25 |73 54 31 1 Flood 20.0 24 | 2.62 47 
665. |. 10.15. (Mid-channely (3 icq etna. cee eee 40 47 25 |73 54 31 18 Flood 19.4 30 | 1.88 33 
666 | 10.20 iMid-channel’; 2. aah. 2 eke comes 40 47 25 |73 54 31 35 Flood 19.4 30 | 2.14 37 
667 | 10.25 |200 feet off ferry house, E. 234th st...|40 47 56 |73 54 31 1 Flood 19. 24 17 38 


cs 2. 
668 | 10.30 |200 feet off ferry house, E. 234th st...|/40 47 56 |73 54 31 15 Flood 19.7 30 | 1.84 32 
669 | 10.35 |200 feet off ferry house, E. 234th st.../40 47 56 |73 54 31 30 Flood 19.7 2 

1 1 


670 | 11.50 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 1 Flood 21. 30 48 26 
671 | 11.55 |Lawrence Point, near black buoy..... 40 47 34 |73 54 30 21 Flood 21.4 30 | 1.38 25 
672 = ary Lawrence Point, near black buoy..... 40 47 34 |73 54 30 40 Flood Siae 30 | 1.75 32 
673 | 12.05 Mid-channels: 7... 39lo 2 hep fet ee 40 47 25 |73 54 31 1 Flood vA eR 30 | 1.97 35 
G74 |, 12.08 |Mid-channel..;), 07... &., eae 40 47 25 |73 54 31 18 Flood 22.2 29 | 1.37 25 





DISSOLVED OXYGEN IN THE WATER 683 
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Locati f{S 1 ese 
ocation of Samples DGG Wee 
Sample | Hour ae Tidal pee cent. Per 
No. | P.M. surface | Current ee C. land | ©. C.| cent. 
; water] Per | satura- 
Approximate Latitude | Longitude itre | tion 
GED a ed ee Neidecbannel:(.). Swed... ee PE 40 47 25 |73 54 31 35 Flood 2107 33 | 2.26 47 
676 | 12.15 |200 feet off ferry house, E. 234th st.../40 47 56 |73 54 31 al Flood 22.8 S2meleee 20 47 
677 | 12.20 |200 feet off ferry house, E. 234th st...|40 47 56 |73 54 31 15 Flood 22.8 32 | 1.63 32 
678 | 12.25 |200 feet off ferry house, E. 234th st...|40 47 56 |73 54 31 30 Flood 21.7 30 | 2.74 51 
679 1.53 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 1 Ebb PA te By) || sien! 31 
680 1.56 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 21 Ebb 21.7 S2n hls 32 
681 2.00 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 40 Ebb 21.7 29 | 2.52 45 
682 Se Om AAICCOATING!. oo he V SGlew is os psp owe les 40 47 25 |73 54 31 1 Ebb 22.0 32 | 2.13 38 
683 DMO MIC-ONANNOl,.. b, Sask escm So see ve pant 40 47 25 |73 54 31 18 Ebb 21.7. $2 1 1.87 34 
684 MOLOUINIPO-CHaMNCL?... aa se sulle cn cele 40 47 25 |73 54 31 35 Ebb O17: 32 | 1.67 30 
685 2.20 |200 feet off ferry house, E. 234th st.../40 47 56 |73 54 31 1 Ebb PA ead 32 | 1.85 34 
686 2.25 |200 feet off ferry house, E. 234th st.../40 47 56 |73 54 31 15 Ebb vale 250 11.62 30 
687 2.30 |200 feet off ferry house, E. 234th st.../40 47 56 |73 54 31 30 Ebb 21.4 25 | 1.95 35 
688 4.08 |Lawrence Point, near buoy...........|40 47 34 |73 54 30 1 Ebb 20.0 25 | 2.85 50 
689 4.15 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 21 Ebb 20.0 25) | 2.79 48 
690 4.17 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 40 Ebb 20.0 25 | 2.48 44 
691 ee IC-CHANNEL.<. ¢ saul os. g 600 ose ues 40 47 25 |73 54 31 is Ebb 19.7 22 | 2.99 53 
692 4.25 |Mid-channel............. cle Bee 40 47 25 |73 54 31 18 Ebb 19.7 22 | 2.99 53 
693 AUN -Channel, 202 dxite ie cic soe ee he 40 47 25 |73 54 31 35 Ebb 19.7 VIA gh rt wy | 55 
694 4.37 |200 feet off ferry, East 234th street...|40 47 56 |73 54 31 1 Ebb 19.1 Dee eee 51 
695 4.40 |200 feet off ferry, East 234th street.../40 47 56 |73 54 31 15 Ebb 19.4 22 | 3.68 65 
696 4.45 |200 feet off ferry, East 234th street.../40 47 56 |73 54 31 30 Ebb 19.4 22° 13,42 60 
697 5.25 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 1 Ebb 18.9 26° | 2.55 44 
698 5.30 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 21 Ebb 19.4 22 | 2.89 51 
699 5.35 |Lawrence Point, near buoy........... 40 47 34 |73 54 30 40 Ebb 19.2 19 | 3.66 65 
700 PIN OES A) ae 40 47 25 |73 54 31 1 Ebb 19.2 23-| 3.77 66 
701 Bem I-CHATNEL 5. ov ab a cece Bids 40/4 enn) 40 47 25 |73 54 31 15 Ebb 19.2 23 | 4,20 73 
702 Bre Wii -GUANNels . 6. Lik od. ike eo eels 40 47 25 |73 54 31 30 Ebb 18.9 23° | 3.49 60 
703 5.52 |200 feet off ferry, East 234th street...|40 47 56 |73 54 31 1 Ebb 18.9 23 | 3.43 60 
704 5.55 |200 feet off ferry, East 234th street.../40 47 56 |73 54 31 15 Ebb 18.9 23° | 3.42 60 
705 5.59 |200 feet off ferry, East 234th street...|40 47 56 |73 54 31 30 Ebb 18.9 22 | 3.42 60 


19—HUDSON RIVER, CROSS-SECTION, PIER A TO C. R.R. OF N. J. PIER. JULY 9, 1913 


Low water occurred at Governors Island at 8.30 A.M. High water at 2.45 P.M. The wind was southwest, with a velocity 
of 3 miles per hour. 











A.M. 

706 wea itO0 teet.ou Pier Ace. os... cae ees 40 42 16 |74 01 09 1 Flood 21.7 Bt OAS 48 
707 mer ron feet ol Pier ALi i. bok... ee ke ols 40 42 16 |74 01 09 18 Flood Piey Poe Map pe | 53 
708 Pecureodect Off Pier Al... cies. sacs ee yo 5i0s 40 42 16 |74 01 09 30 Flood 201 27 | 2.66 49 
709 ee PP Am AY ACTOSS. . bo oa cise s cc ie eons 40 42 17 |74 01 20 1 Flood PAU ae. 4-260 47 
710 MPMNPIP AE WAY ACTOSS) 6 0 ose ein ess os isis oie 40 42 17 |74 01 20 18 Flood 2157 200 2.21 39 
atl Maat emrRY BCTORS «sce wiels oe ee ee oe 40 42 17 |74 O01 20 30 Flood 21,7 a2} 1-97 36 
712 Pee AWAY ACTORS. 605... sete sade tenes s 40 42 19 |74 01 34 L Flood 217. 33 | 2.19 39 
713 Meee WAY BCEORS. | ess wn eae he ee 40 42 19 |74 O01 34 18 Flood 21.7 Sane 36 
714 Ae WAY GCTOSS: 5s cece cae eee eke 40 42 19 |74 O01 34 42 Flood Alte Bore lens. HF 
715 ee oe W BY ACTORS ois 6 cn daisce sieve a 5, 5.8 sate 40 42 21 |74 O01 48 1 Flood 21.9 Sot peacee 40 
716 Pe tT AWY BCTORS.. 0. oo cc ess cnr ances 40 42 21 |74 01 48 18 Flood 2159 33 | 2.48 45 
717 PERE) SIE NW AV UCLOSS We 5 \s Sie er cein ae» ei csarwhene' 40 42 21 |74 O1 48 42 Flood PAL ath Son 112206 43 
718 8.00 |100 feet off C. R.R. of N. J. pier......|40 42 22 |74 01 59 1 Flood DATO 35 | 2.28 41 
oe LO 8.05 |100 feet off C. R.R. of N. J. pier...... 40 42 22 |74 O1 59 18 Flood 21% 35 | 2.60 46 
R.R. of N. J. pier...... 40 42 22 |74 01 59 30 Flood aii4 34 | 2.40 42 


720 8.10 |100 feet off C. 


684 DATA RELATING TO THE PROTECTION OF THE HARBOR 
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f Sampl P vse 
Location of Samples ef i eee 
Sanne How | Ret | ian | Tepe. | cent. GG, | Pa 
No. oY Dg ecient teristic eee ee eM ak curren an cent. 
: surface Deg. C. eaten tn date 
Approximate Latitude | Longitude tion 
es Cs er a ae nmr rt Fe or we erp mame 
721 9.30; 1100 feet offi Pier Aye. 26 ae eee 40 42 16 |74 01 09 1 Flood 22.2 35 | 2.26 40 . 
722 9.35 /100 feet off Pier Aves... aes 40 42 16 |74 01 09 18 Flood 21.7 33 | 2.20 40 
723 9.38. 1100-feet off Pier Aves e165 cake ae 40 42 16 |74 O1 09 30 Flood 21.4 28 | 2.33 42 
724 0.42 |g way Arse. teen = 5 on oes oe eee 40 42 17 |74 O01 20 1 Flood 21.9 33 | 2.21 40 
725 0.45534 oWAaY SETOSRaS., = Soa ok sy eG oa oe 40 42 17 |74 01 20 18 Flood 21.9 33 | 1.81 33 
726 DSOMIG way SCTOSS. Son state. choca eer 40 42 17 |74 O01 20 30 Flood 21.7 32 | 1.89 34 
ex ) 55AL6 WAY ACTORS, sche pts taen cae 40 42 19 |74 O01 34 1 Flood 22.2 35 | 2.41 44 
428 >} 10.00 (Po cway ‘across. 2... seed os oe emer 40 42 19 |74 O1 34 18 Flood 21.7 35 | 2.38 43 
. 729)- HELO 7058 LO nwa: ACTOSS «g.,quieetn ic tee ree 40 42 19 |74 O1 34 42 Flood 21.1 32° | 2.04 37 
730 1°10. O81 |82-way across. omen eee ee 40 42 21 |74 01 48 1 Flood 22.2 35 ~-) 2.23 40 
731 LO L107 | SAGway across ents cies ane ee 40 42 21 |74 O1 48 18 Flood 21.7 35 | 2.78 50 
32 f 10155184 (way Seross, so lante ec ee oan e 40 42 21 |74 01 48 42 Flood 21.7 32 | 2.67 48 
733 | 10.20 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 1 Flood 21.9 33 | 2.39 43 
734 | 10.25 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 18 Flood 21.9 32 | 2.20 40 
735 | 10.30 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 30 Flood 21.9 32 | 2.74 50 
136 | -44,.25°1100 feet off Pier Ac tea Ss. vee 40 42 16 |74 01 09 1 Flood 22.2 33 | 2.76 50 
737 | 11.30 |100 feet off Pier A....... GAves 40 42 16 |74 01 09 18 Flood 21.7 32 | 2.03 37 
738,01 145331100 feet off PiersA ie. ect eee 40 42 16 |74 01 09 30 Flood 21.1 30 | 2.35 42 
439° I LL Boe Zoway ACrOssi-a55 sae eee Nee eee 40 42 17 |74 01 20 1 Flood alan 35 | 2.12 38 
740. £ 24.37 \)¢ way acrossi32 ee. eo ee ae 40 42 17 |74 01 20 18 Flood 21.7 32 | 2.02 36 
741° 11242 oe way Beross - eos ane eee oe 40 42 17 |74 01 20 30 Flood 21.4 30 | 1.39 25 
742} LL AT eoway aerogs } ins Geeta le en ce es ae 40 42 19 |74 01 34 1 Flood 21.7 32 | 2.35 42 
443. 4 41509) 14 away across: ..arse oar aeee oats 40 42 19 |74 01 34 18 Flood 21.7 32 | 2.37 43 
(449: | "1 55? |youway. aGrosses., cee ckes ener 40 42 19 |74 01 34 42 Flood 20.8 30 | 1.94 34 
745 Eel S4AUWAY: SELOSS /h* , Hee A ee 40 42 21 |74 O1 48 1 Ebb 247 32 | 2.65 46 
(AGA EZ LOSE |EAUWaY ACTORS a 4. Ace Seinen ne 40 42 41 |74 O1 48 18 Ebb 21.7 32 | 2.70 48 
TEU S| AZ ODS AWAY SCLORR. as ste eae eames ce ae 40 42 21 |74 O01 48 42 Ebb 21.4 30 | 2.80 52 
748 | 12.10 {100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 1 Ebb yA TA 32 | 2.05 37 
749 | 12.15 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 18 Ebb 21.7 30 | 2.36 43 
750 | 12.20 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 O1 59 30 Ebb 21.7 30 | 2.56 46 
751 1.95. |(100 fest ‘off Pier Awe 77 boca Belen oe 40 42 16 |74 01 09 a Ebb 21.1 24 | 2.93 53 
752 140: 100 feet ot Pier Aric. sas... heoee 40 42 16 |74 01 09 18 Ebb 20.8 24 | 3.23 58 
753 1.45100 fect ol Pier A? eis as. tee oe 40 42 16 |74 01 09 30 Ebb 20.3 21° | 2.93 53 
754 LohO way Seross. ev eeace Ske eo tee 40 42 17 |74 O01 20 1 Ebb 21.4 27 | 3.90 71 
755 P53 2194; WAY BOLOSS oe ae eee toe 40 42 17 |74 01 20 18 Ebb 20.8 24 | 3.31 59 
756 Li DG i154 WAY Rerons Ooi ceteeen . oie aoe 40 42 17 |74 01 20 30 Ebb 20.0 19 | 3.31 59 
757 2:05! | Yooway Across. ovine te wees oe cae 40 42 19 |74 01 34 1 Ebb 21.4 26 | 3.08 50 
758 2310 1Veeway across aceicoicen: aneurin anaes 40 42 19 74 O1 34 18 Ebb 20.8 24 Seed 59 
759 2.12434 way across). .amast deuce < eee 40 42 19 |74 O1 34 42 Ebb 20.3 19 | 3.95 71 
760 2:20 34 Way, ACLORS 0 ee eee ee are 40 42 21 |74 01 48 1 Ebb 21.7 27 «| 3.29 60 
761 2.24 194 WAY. ROTOSE 1. Grn oie sulie Heke y 6 eee 40 42 21 |74 01 48 18 Ebb 20.8 26 | 3.46 62 
762 2.30 184 cway: across: 730 cite oe cee ee 40 42 21 |74 O1 48 42 ’ Ebb 20.3 21 | 3.91 70 
763 2.35 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 1 Ebb 21.7 29 | 2.79 51 
764 2.40 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 18 Ebb 21.4 32 | 3.00 54 
765 2.45 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 30 Ebb 20.6 30 | 3.95 70 
766 4 .00°1100 feet off: Pier An fasion te ee 40 42 16 |74 01 09 1 Ebb 21.1 32 | 3.91 70 
767 4.03: |100 feet off Pier Accs... coe. 40 42 16 |74 01 09 18 Ebb 20.8 24 | 3.29 59 
768 4.08 1100 feet off Pier-Ay..2) <r eens oa 40 42 16 |74 01 09 30 Ebb Zieh 24 | 3.55 63 
769 4.10 |eway aCross:o. chases en ee 40 42 17 |74 01 20 1 Ebb 20.6 24 | 3.86 70 
770 4.15 lig way across. i) 2ccedew es ae ee 40 42 17 |74 01 20 18 Ebb 20.6 24 | 3.46 62 
771 4°18 4 way seross.. 6. cea keene eee 40 42 17 |74 01 20 30 Ebb 21.1 22 | 3.75 67 


DISSOLVED OXYGEN IN THE WATER 685 
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; Location of Samples . 3 Per 
Sample | Hour | | ‘ope Tidal peer cent. C.c Per 
No. | P.M. surface | Curent | pe cmes land per cent. 
é ’ é water ae satura- 
Approximate Latitude | Longitude tion 
EE EIS ES SS SR ee eas a ae er rs cs cr ery me 

772 eran IEA ACTOGG  siorcie a, anseyo bin'ini @e ais 0 p18, ye 40 42 19 |74 O01 34 1 Ebb 20.8 26 | 2.86 52 
773 MEA RW RY QULOGS. ce Cav ce cs soe ne ss oceipes 40 42 19 |74 O01 34 18 _ Ebb 20.8 24 | 3.16 57 
774 BAI WON ACTORS. 2). 6. cers os ees Sete 40 42 19 |74 O01 34 42 Ebb 21.1 26 | 2.57 46 
775 THN A NAY ROTORS corsa. e sivie cele wie spsieie s « 40 42 21 |74 O1 48 1 Ebb 21.1 28 | 3.09 55 
776 ERS OM ip MENU DVR ACEOSS Ai viorei veer ctste so oud = ic «ee 40 42 21 |74 01 48 18 Ebb 211 26 | 3.03 55 
re BRN NPAT ACTORS aie ais co cie acess oe seinalen 40 42 21 |74 O01 48 42 Ebb 20.6 24 | 2.74 50 
778 4.40 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 O1 59 1 Ebb AE Dag 26 | 2.08 38 
779 4.45 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 18 Ebb 7A ea) | 26 | 2.70 48 
780 4.50 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 30 Ebb 20.6 24 | 3.22 57 
781 PieenN CR ORG OF EVOL A Tice csc sca ie en's ome wie 40 42 16 |74 01 09 1 Ebb 21.1 28 | 3.49 63 
782 De SO OOOL ON PICT AL 0. gc. . fel sk ole we 40 42 16 |74 01 09 18 Ebb 2121 23°. 3.83 69 
783 BiaO non seet Ol Pier Ae... ce k cee eee 40 42 16 |74 01 09 30 Ebb 21.1 28 | 3.46 62 
784 OPO AVIA GELCLORS: ce cc od vcd mies wor 4oete ye 40 42 17 |74 O01 20 1 Ebb Dink 28 | 2.41 53 
785 Oe ANAM AAMIVIELV a ACT OSS ce icclerc cic hice vec eee sua es 40 42 17 |74 01 20 18 Ebb 20.8 26 2.71 49 
786 Pe WAV ACTORS. Geico a ajeis gies in sé sole asp 40 42 17 |74 01 20 30 Ebb 20.8 26) 1 2:31 41 
787 OOM CEWVELViCA.CLOSB 00> oo speve.sivi solace’ 3.0. snerens 40 42 19 |74 O01 34 1 Ebb PAs AY 28 3.25 58 
788 OR ORWAY ACTORS. og sieves bee uc vce hes 40 42 19 |74 01 34 18 Ebb ih Wee 28 | 2.74 49 
789 OM Pe WAY ACLOSS 6 ec ese ce vice ce eee ee 40 42 19 |74 O1 34 42 Ebb 20.6 24 | 2.46 44 
790 rom | -MaWiay~ ACEOBRSE 41. oo gaye ssc ces!nieuese vores 40 42 21 |74 O1 48 1 Ebb PA wea 28 | 2.09 38 
791 Pn VAY BCTORS 2 oho oo oe sg a an tia cs sions 40 42 21 |74 O01 48 18 Ebb a 28 | 3.02 54 
792 GLU GW av ACTOSS. (. 6.015 tc. clsers vicyeree soe es 40 42 21 |74 O1 48 42 Ebb 20.6 24 2.42 43 
793 6.20 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 01 59 1 Ebb 20.8 26 | 2.40 43 
794 6.22 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 O1 59 18 Ebb 20.8 26 | 2.90 52 
795 6.25 |100 feet off C. R.R. of N. J. pier..... 40 42 22 |74 O01 59 30 Ebb 20.6 20 | 2.84 51 














20—ROBBINS REEF. JULY 10, 1913 


High water occurred at Governors Island at 4.10 P. M. Low water at 9.30 A. M. The wind was west, with a velocity of 5 
miles per hour. 

















A.M. 
796 PO CMINERE DCI DUOY.. 6. ccs dee es eal 40 39 15 |74 03 50 1 Flood 20.8 24 | 3.16 57 
797 feo Near aDellsDUOY ris assis de< sc eeae ole 40 39 15 |74 03 50 24 Flood 20.6 Pah sees Rs 56 
798 Be Ah Det DUOY a. oop cctow cdala ys sve eee 40 39 15 |74 03 50 48 Flood 20.6 25 | 3.61 65 
799 8.20 |Near bell buoy.....................|40 39 15 |74 03 50 1 Flood 20.8 26 | 2.80 50 
800 ee APIO DUOY 2S. ocslg es cs 40 tse 40 39 15 |74 03 50 24 Flood 20.8 24 | 2.90 52 
801 oewan Mear CU DUOY 2 os. yas es oe nie wale es 40 39 15 |74 03 50 48 Flood 20.6 20 | 3.00 54 
802 DO weay DEM DUOYS. 2... .s tse ew ee ns 40 39 15 |74 03 50 1 Flood Oren 26 | 2.50 45 
803 eee tell WUOY +. =... ae ces et nee ee oe 40 39 15 |74 03 50 24 Flood 21.1 26 | 3.20 57 
804 PereaerienT Del DUOY. 0... oe. 2s cw sees 40 39 15 |74 03 50 48 Flood 20.6 24 |°3.20 57 
a eta) | cnr Dell DUOY... os. es ae eee eee ve 40 39 15 |74 03 50 1 Flood 20.8 22 | 2.50 45 
pire eer err Dell DUGY.... : 0.5 ce nseh ee ess 40 39 15 |74 03 50 24 Flood 20.6 20 | 2.60 46 
eee eee ear Dell DUOY...... . <0 sas ep eee ee 40 39 15 |74 03 50 48 Flood 19.4 15 | 3.80 69 
P.M. 
808 Beemen CEE DEIN DUOY. . ss ine ose ce oe 40 39 15 |74 03 50 psi Flood 20.6 18 | 2.60 47 
809 OSL 92) LG 61) re 40 39 15 |74 03 50 28 Flood 19.7 17 } 3.90 70 
810 Bete’ bell bundy. 2 edo. Sete ele 40 39 15 |74 03 50 48 Flood 19.7 T7 } 410 74 
811 MeapATENOAL DSLLDUOVs . a. cass cst joes eet vee 40 39 15 |74 03 50 1 Ebb 20.8 16 | 4.30 79 
812 PUM GAL DOU DUOY >. 5 fiu-s te se basse «vies 40 39 15 |74 03 50 24 Ebb 20.0 16 | 4.40 80 
813 ORE VERE IEL KNOY: Ge. upce coos +(e eja Sun tans 40 39 15 |74 03 50 48 Ebb 19.7 15 | 4.10 74 
/ 814 WME Wovens DOL DUO) a s0.6 ee csv ee neo cee 40 39 15 |74 03 50 1 Ebb | 20.6 16 | 4.30 79 


815 OMTINESE DOW DUOV. Gia c Son cca ss 6 ob 40 39 15 |74 03 50 24 Ebb 19.7 15 | 4.30 77 


686 DATA RELATING TO THE PROTECTION OF THE HARBOR 
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L {S$ 1 eat date 
ocation of Samples Coa ————— 
Sample | Hour bane, Tidal fae * | cent. Per 
No.4}: PSM oe ae dae eee ee eee ee ee ates current | nos CG land jer | cent. 
8. \: | water tt satura- 
Approximate Latitude | Longitude Te | tion 
; ° 2 u ° , ” 
816 3.10 INear-hell buoy} oa3e) 2b. Sa eee 40 39 15 |74 03 50 48 Ebb 197, 15 | 4.40 80 - 
817 4:00 (Near bell buoy). 3.c6. sha eae on ee 40 39 15 |74 03 50 1 Ebb 20.6 16 | 4.30 79 
818 4 O5\ NeazbelP buoy! foatccn ge <tr eee 40 39 15 |74 03 50 24 Ebb 20.3 16 | 4.80 88 
819 4-10iNear bell buoy !..« ac ~ tena de0 ee 40 39 15 |74 03 50 48 Ebb 1957, 15 | 4.60 82 
820 bby (Near bell buoys. c..e 4s ana eae 40 39 15 |74 03 50 1 Ebb 21.1 15 | 4.20 78 
821 5 bS Near bell buoys. cate vb «eae cee 40 39 15 |74 03 50 24 Ebb |. 20.0 15 | 4.60 83 
822 6. 00s Neartbellibuoye ator eon: eee 40 39 15 |74 03 50 48 Ebb 20.0 13 | 4.70 85 








21—KILL VAN KULL, CROSS-SECTION, SAILORS SNUG HARBOR. JULY 11, 1913 


Low water occurred at Governors Island at 10.30 A. M. High water at 3.00 P.M. The wind was northwest, with a velocity 
of 3 miles per hour. 





SS SR ES I SE SR EC ES 


A. M. 
823 7.30 |200 feet off Sailors Snug Harbor.:.... 40 38 46 |74 06 09 1 Ebb 21.1 28 | 3.40 61 
824 7.35 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Ebb 21.1 28 | 4.10 74 
825 7.40 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Ebb 21.1 30 | 3.50 63 
826 (45: (Midstream envio) 2 see othe aun so 3 ate 40 38 51 |74 06 08 1 Ebb 21.1 30 | 3.98 71 
827 ¢-O0) |Midstreamiags,2«. 2608 aioe eae Oc eee 40 38 51 |74 06 08 15 Ebb 21.1 30 | 3.40 61 
828 DO. Midstream 20 fac ots ehh oe 40 38 51 |74 06 08 30 Ebb 21°41 30° | 3.37 60 
829 8.00 |200 feet off Bayonne shore........... 40 88 55 |74 06 07 1 Flood 20.8 30 | 4.11 73 
830 8.05 |200 feet off Bayonne shore.........../40 38 55 |74 06 07 1s Flood Dia e 28 | 3.73 67 
831 8.10 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Flood PALE Ef 30 | 4.09 73 
832 9.05 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Flood Zea. 32 | 4.10 74 
833 9.08 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Flood 21.4 29 | 3.80 69 
834 9.12 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Flood PAL I 29 | 3.80 69 
835 0.519) Midstream ta. eoeeante oe cee ee 40 38 51 |74 06 08 1 Flood 21.7 32 3.98 ri 
836 9722) IMidstreai: «ness eck ee oe ae 40 38 51 |74 06 08 15 Flood 21.7 29 | 3.90 70 
837 9. 30), Midstreani 7.0 teva see oa eae 40 38 51 |74 06 08 30 Flood 21.7 29 | 3.99 72 
838 9.35 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Flood 21.7 29 | 4.20 76 
839 9.38 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 15 Flood 21.9 29 | 3.54 64 
840 9.45 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Flood PANT 29 | 4.09 74 
841 11.00 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Flood Dik 25 | 3.10 57 
842 | 11.05 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Flood PAVE 24 | 3.40 62 
843 | 11.08 /200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Flood 21.4 25 | 38.40 62 
844. L140; (Miidstreamius..b. saunas coke pele oe 40 38 51 |74 06 08 1 Flood 21.7 28 | 3.19 58 
845 | 41517 |(Midstreamicnig ape: Le soe 40 38 51 |74 06 08 15 Flood 21,4 28 | 2.99 54 
846 | i220 [Midstream..%.:. casas odes wane eee 40 38 51 |74 06 08 30 Flood 21357 28 | 3.24 58 
847 | 11.25 /200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Flood PALEY) 27 | 3.46 63 
848 11.30 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 15 Flood PA 27 =| 3.02 55 
849 o ee 200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Flood 21.7 2¢ }.3.d6 68 
850 1.00 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Flood 21.9 29 | 3.00 55 
851 1.05 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Flood 21.4 29 | 3.30 60 
852 1.10 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Flood 21.7 25 | 3.80 69 
853 1:15 | Madstreames.6 ease ase ene ee 40 38 51 |74 06 08 1 Flood 2107 29 3.19 55 
854 1 .18- Midstream a.5.16 7 %.ant = os cette eee 40 38 51 |74 06 08 15 Flood Pa tes | 28 | 3.30 60 
855 1220 | Midstresaiiss oe. ic. tae ee 40 38 51 |74 06 08 30 Flood 20.6 24 | 3.14 56 
856 1.25 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Flood 21.7 27 | 3.43 62 
857 1.28 |200 feet off Bayonne shore........... 40 38 55 |74 06 7 15 Flood 21.1 25 | 3.30 60 
858 1.30 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Flood 20.6 24 | 3.93 70 
859 2.10 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Ebb 21.1 26 | 3.30 59 
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21—KILL VAN KULL, CROSS-SECTION, SAILORS SNUG HARBOR. JULY 11, 1913—Continued 





Locati {$ ] P aoe 

ocation of Samples Bp tee alae Dine ele 
Shc Tidal ae cent. Per 
surface | Current Dee. land | ©. C.| cent. 

. ; ; ‘| water| Per | catura- 
Approximate Latitude |Longitude litre | tion 
860 2.12 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Ebb |‘ 20.6 Ops NI BURY, 66 
861 2.15 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Ebb 20.6 22° | 3.70 66 
862 Pee WENETO-COANNEL S566. eek ste cee ve wc aes 40 38 51 |74 06 08 1 Ebb 21.1 26 | 3.47 62 
863 PP AUMINIIGRCHADNGH. is. he See sees. wae os 40 38 51 |74 06 08 15 Ebb 20.6 20 | 3.80 69 
864 POM NIG-ONANNC!« ..2h « seleiges es sot ee we hs 40 38 51 |74 06 08 30 Ebb 20.0 Die 4’, 27 76 
865 2.36 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 : 4 Ebb 2151 26 | 4.01 70 
866 2.38 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 15 Ebb 20.6 24 | 3.33 60 
867 2.40 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Ebb 20.0 24 | 3.70 66 
868 3.15 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Ebb 20.3 18 | 3.80 70 
869 3.17 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Ebb 20.0 Ube Wat 67 
870 3.20 |200 feet off Sailors Snug Harbor...... {40 38 46 |74 06 09 24 Ebb 20.0 18 | 3.60 65 
871 Srcommviid-channel. 21. S92. sa eles 40 38 51 |74 06 08 1 Ebb 20.6 20 | 3.69 66 
872 “ep ges 0 6 sl ec 0 ge 40 38 51 |74 06 08 15 Ebb 20.6 20 | 3.30 60 
873 Spoon Viid=cnannel <b cw oe wb wee os 40 38 51 [74 06 08 30 Ebb 20.0 17 | 3.59 63 
874 3.40 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Ebb 21.1 20 | 3.21 59 
875 3.45 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 15 Ebb 20.6 20 | 3.41 62 
876 3.50 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Ebb 20.0 18 | 3.91 70 
877 4.50 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Ebb A Rate 21 | 3.50 68 
878 4.53 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Ebb 20.6 20) 1'°3:.60 65 
879 4.55 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Ebb 20.6 18 | 4.00 (Al 
880 Bras wiiie-channel. fe. oe Seo. das 40 38 51 |74 06 08 1 Ebb 21.1 24 | 3.29 57 
881 PSI DAIGSCHANNEL So... ieee ek ee ee le 40 38 51 |74 06 08. 15 Ebb rae a | 24 | 3.80 69 
882 Sra NeC HATING!) 06. sk dears nes 40 38 51 |74 06 08 30 Ebb 20.8 22 | 3.54 64 
883 5.15 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Ebb PAL Fy 27 | 4.08 72 
884 5.20 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 ibe: Ebb 218i A | gail 59 
885 5.25 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Ebb 2171 25 | 4.24 77 
886 6.15 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 1 Ebb 21.9 2 | 3.20 58 
887 6.20 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 15 Ebb 21.7 26 | 3.20 58 
888 6.25 |200 feet off Sailors Snug Harbor...... 40 38 46 |74 06 09 24 Ebb 21.7 26 | 4.10 74 
889 eH -CNATINEL cn ds sles ieee ee ers 40 38 51 |74 06 08 1 Ebb | -22.2 31 | 3:66 67 
890 Grs0 HMid-channel o. 6 .6)f ecole ec tlewe seus 40 38 51 |74 06 08 15 Ebb 21.7 31 | 3.40 61 
891 Goan uMid-channel :... 0 0.8 see e ek cee ve 40 88 51 |74 06 08 30 Ebb 21:7 30 | 3.79 68 
892 6.40 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 1 Ebb PAL ae 30 | 3.51 63 
893 6.45 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 15 Ebb 21.7 30 | 3.59 65 
894 6.50 |200 feet off Bayonne shore........... 40 38 55 |74 06 07 24 Ebb 21.7 30 | 3.89 70 


22—EAST RIVER, CROSS SECTION, THROGS NECK TO CRYDERS POINT LANDING. JULY 14, 1913 


High water occurred at promernors Island at 6.20 P. M. Low water at 11.50 A. M. The wind was west, with a velocity of 
3 to 40 Toole per hour. 





A.M. 
895 7.25 1300 feet off landing, west of light..... 40 48 27 |73 48 16 1 Ebb 18.9 22 | 3.80 66 
896 7.30 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Ebb 18.3 18 | 4.00 70 
897 7.35 |300 feet off landing, west of light..... 40 48 27 |73 48 16 42 Ebb | 18.3 18 | 4.40 77 
898 MAD MIAAEWAY. ACTORS sos alegre 0 ois. opscsiecd ec tye « 40 48 20 |73 48 18 1 Ebb 18.3 18 4.09 72 
899 TEA OVAEWAY, ACTOS. cs 515 cic ehesdiessle sss eae oe 40 48 20 |73 48 18 18 Ebb 18.3 18 4.61 81 
900 MOU EG IRY ACTORS 50505 ee nee ds elles ee ean 40 48 20 |73 48 18 48 Ebb 18.3 18 | 5.30 93 
901 EDC HIe a WEY, ACTORS signs Soa dce scans dene 40 48 09 |73 48 21 1 Ebb 18.9 18 | 4.90 86 
902 PRM E EO AY BCTORS: 32 ay oh tne cn Se ace don pe 40 48 09 73 48 21 24 Ebb 18.9 18 4.75 84 
903 WED OUVELWEY. ACTOSS. cced.ts uecist. sea scene oe 40 48 09 |73 48 21 48 Ebb 18.3 18 | 4.38 TH 
904 Sa OZ Ae WAY ACTORS s osc ose eg vel eners, exe ele sie « 40 47 58 |73 48 24 1 Ebb 18.9 18 4.36 ta 
905 Brea WAY: BETORS. ck ce neh a aes wars 40 47 58 |73 48 24 24 Ebb 18.9 18 | 4.56 80 
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22—EAST RIVER, CROSS SECTION, THROGS NECK TO CRYDERS POINT LANDING. JULY 14, 1913—Continued 

















S Oxygen 
Location of Samples a ——————— 
Sample | Hour ee Tidal pee cent. Cc Per 
No. surface | CZTeDt | Des. C land | ¥: \: | cent. 
8 ‘| water| Per | satura- 
Approximate Latitude | Longitude litre | tion 
ets eee eee Leer hire Sk aon lef. 00UlUUtt—~—~—s—S 
906 85.12.1384 way seross ses aee se bee ee 40. 47 58 |73 48 24 48 Ebb 18.3 19 | 5.21 Si) 
907 8.15 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 1 Ebb 18.3 19 | 4.76 84 
908 8.20 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 24 Ebb 18.3 21 | 4.26 75 
909 8.25 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 42 Ebb 18.3 21 |. 4.69 81 
910 9.45 |300 feet off landing, west of light..... 40 48 27 |73 48 16 1 Ebb 18.9 18 | 4.70 83 
911 9.50 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Ebb 18.3 18 | 4.90 86 
912 9.55 |300 feet off landing, west of light..... 40 48 27 |\73 48 16 42 Ebb 18.0 |} 18 | 4.70 82 
G13. |° 10: 00-144 way serogs.. 2 dak. > Be + pee 40 48 20 |73 48 18 1 Ebb 18.6 18 | 4.80 84 
014. 1.10.05 (Sg way acrosd.. 2°. qiatts = se eerie 40 48 20 |73 48 18 18 Ebb 18.3 18 | 5.61 98 
915 10,085 s4ewaycacross eee een mere 40 48 20 |73 48 18 48 Ebb 18.3 18 | 5.00 88 
916 {10:10 136 way across: 4h. ie aon ee 40 48 09 |73 48 21 1 Ebb 18.3 18 | 4.45 78 
917 © }.10.16 |Seiway across. : 2 sgetee = ous aac eee 40 48 09 |73 48 21 18 Ebb 18.3 18 | 4.97 87 
O18 |) 10518. 144 way acrosa. Ae tad. o-e ee ee 40 48 09 |73 48 21 48 Ebb 18.0 18 | 5.69 98 
919° 110820184 way. setons).2. wae anc te ee 40 47 58 |73 48 24 1 Ebb 18.9 18 | 4.55 80 
920 410,25 187 svay SCross uy. eee oa aut) ee 40 47 58 |73 48 24 18 Ebb 18.3 18 | 5.00 87 
921 |) 10,30: 184 way across. c2P ine ont cet 40 47 58 173 48 24 48 Ebb 18.3 18 | 5.15 90 
922 | 10.35 (300 feet off landing, Cryders Point....|40 47 50 |73 48 28 1 Ebb 18.9 18 | 3.51 61 
923 10.40 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 18 Ebb 18.3 18 | 4.65 81 
924 | 10.45 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 42 Ebb 18.0 18 | 4.48 78 
PM, 
925 | 12.25 |300 feet off landing, west of light..... 40 48 27 |73 48 16 1 Ebb 20.0 21 | 4.90 88 
~ 926 12.30 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Ebb 19.4 21 | 4.90 87 
927 | 12.33 |300 fect off landing, west of light..... 40 48 27 |73 48 16 42 Ebb 18.9 20 | 4.60 81 
9285 1) 12235" | away, Scrossen. sae cide ee 40 48 20 |73 48 18 1 Slack 19.4 21 | 4.79 85 
O29 silt 12 A0 a tae wa ya Chose ce tepien cease ieee mci: 40 48 20 |73 48 18 18 Slack 18.9 20 | 4.50 79 - 
~ 930 12 45-144 wety: Across 6. o6 ogee are ote cette ce ieee 40 48 20 |73 48 18 48 Slack 18.9 20 | 5.00 88 
931 12250 345 Way, across. eccenas eieici sate ORene 40 48 09 |73 48 21 1 Slack 20.1 20 | 4.05 71 
O32 e220: lSORWay. ACLOSS..eicopeeien Mersesraralsua ere uate 40 48 09 |73 48 21 18 Slack 18.9 20 | 4.97 88 
933 TAOO REG Was CLOSS ncyeecutomi eran ener ae 40 48 09 |73 48 21 48 Slack 18.3 20 | 4.84 85 
934 105 1SZewayoacross.. cis cteten oct ceoe ee 40 47 58 |73 48 24 1 Slack 18.9 22 | 4.36 76 
935 1.10 A840 way ‘across ois Ae ode ee ae ae 40 47 58 |73 48 24 18 Slack 18.9 20 | 4.90 87 
93 le LO S4sway Across =. sc aoe: oP ieee a ore 40 47 58 |73 48 24 48 Slack 18.3 20 | 5.55 96 
937 1.17 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 1 Slack 18.9 Ve 392, 66 
~ 938 1.22 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 18 Slack 18.3 16 | 4.40 78 
939 1.27 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 42 Slack 18.3 16 | 4.48 79 
940 2.35 1300 feet off landing, west of light..... 40 48 27 173 48 16 1 Flood 18.9 18 | 5.00 88 
941 2.40 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Flood 18.6 18 | 4.70 82 
942 2.44 |300 feet off landing, west of light..... 40 48 27 |73 48 16 42 Flood 18.6 18 | 4.30 75 
943 2.48 tbe Way CHOSE Cfo 1c ta iat meta eee 40 48 20 |73 48 18 1 Flood 19.4 21 | 4.78 84 
944 2 OL YAIWON ACLOSS fone a ects eye tee re ete 40 48 20 |73 48 18 18 Flood 19.1 21 | 4.20 74 
945 2 OD ia, Wave RCLOSS: Sacer eee at ernan er ee 40 48 20 |73 48 18 48 Flood 19.1 18 | 5.20 92 
946 2:58 126 Way GCrods..: Pca. - in cee ee 40 48 09 |73 48 21 1 Flood 18.9 20 | 4.44 78 
947 3.02 {e- way SGross. . 60.) Bastin el eee ae 40 48 09 |73 48 21 18 Flood 18.3 20 | 4.68 82 
948 3.0% |}4-way across. «1.2 aden ncn eee oe 40 48 09 |73 48 21 48 Flood 18.3 20 | 4.46 78 
949 3:15: [24 Way, SCROhS.2.. «aan aunt eee 40 47 58 |73 48 24 1 Flood 19.4 21 | 4.75 84 
950 3:20. 124 way BErOSd, 2 yo yah ewe eee ae 40 47 58 |73 48 24 18 Flood 18.9 | 20 | 4.29 76 
951 3120 |\SA°Wway BCLOSS: 0 ase eke ot eae 40 47 58 |73 48 24 48 Flood 18.9 18 | 4.96 87 
952 3.30 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 if Flood 20.0 19 | 3.48 60 
953 3.35 |300 feet off landing, Cryders Point....|40 47 50 {73 48 28 18 Flood 19.4 19 | 5.00 89 
954 3.40 {300 feet off landing, Cryders Point..../40 47 50 |73 48 28 42 Flood 19.1 17_ | 4.51 80 
955 4.45 |300 feet off landing, west of light..... 40 48 27 |73 48 16 1 Flood 20.0 19 | 4.50 81 
956 4.47 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Flood 19.7 19 | 4.70 84 
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22—EAST RIVER, CROSS SECTION, THROGS NECK TO CRYDERS POINT LANDING. JULY 14, 19183—Continued 





























Location of Sampl P isla 
ocation of Samples er 
Sample | Hour oe Tidal sans cent. |q GQ | Per 
No. | P.M. surface | Current | 7 ee land p er | cent. 
: 5 . water lit satura- 
Approximate Latitude | Longitude i} tion | 
re Clee los ael|oo0s wala. |. |... 
957 4.55 |300 feet off landing, west of light..... 40 48 27 |73 48 16 42 Flood 19.4 19 | 4.60 82 
9538 eer eA Wy ACTORS: oo. ws itis ce ws soe ee 40 48 20 |73 48 18 1 Flood 192% 21 | 4.00 71 
959 MeO eH eam Ore MACTOSS, 5 Gee ste esai-as.'s. so ales selec 40 48 20 |73 48 18 18 Flood 19.4 21 3.90 70 
960 Ea eA WEY PACEOSS, Gow 28 dela os sae Sate 40 48 20 |73 48 18 48 Flood 18.9 19 | 4.40 aa 
961 CME WAS OCKOSS ea nie aie os nue sey dures 40 48 09 |73 48 21 1 Flood 19.4 21 | 3.79 67 
962 Up. Vet YVIDCLOSS: . . nce hess ec vee 40 48 09 |73 48 21 18 Flood 18.9 19 | 4.47 79 
963 Penn eee WV ARTO ess iy suclesa vt. s inj boewa oe 40 48 09 |73 48 21 48 Flood 18.9 19 | 4.46 78 
964 DERM AEWA VEACTOSS 6 aiii tits dra kas « s ord s 40 47 58 |73 48 24 1 Flood 18.9 ZL | 4.26 75 
965 Be A0 es WAY. ACUSE). voc kode sea ee es 40 47 58 |73 48 24 18 Flood | 18.9 | 21 | 4.87] 85 
966 Riecet e WAY ACTORS cose sles cg nos eas « 40 47 58 |73 48 24 48 Flood 18.6 18 | 4.96 87 
967 5.25 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 1 Flood 18.9 21 | 3.76 66 
968 5.30 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 18 Flood 18.9 21 }.4.34 76 
969 5.35 |300 feet off landing, Cryders Point....|40 47 50 |73 48 28 42 Flood 18.3 18 | 4.00 70 
970 6.10 |300 feet off landing, west of light..... 40 48 27 |73 48 16 I Flood 19.4 21 | 4.20 74 
971 6.13 |300 feet off landing, west of light..... 40 48 27 |73 48 16 18 Flood 18.9 21 | 4.00 70 
972 6.18 |300 feet off landing, west of light..... 40 48 27 |73 48 16 42 Flood 18.3 22 | 3.90 68 
973 mel WAYTACLOBSS wi. haste «pas icisighe oe peers « 40 48 20 |73 48 18 1 Flood 19.4 21 4.38 75 
974 pid WAY ACTORS. . vers. eee hese ees 40 48 20 |73 48 18 18 Flood 18.9 21 | 3.90 67 
975 ZO Mea WAV ACLOGS. «cb scre sc fs lel neis s+ 6 40 48 20 |73 48 18 48 Flood 18.9 21 4.11 72 
976 DOOM O WAY, ACKOSS:. ss cic ads lacls ales « 40 48 09 178 48 21 1 Slack 18.9 21 3.63 64 
977 Gea WAY SCTORI sae cs wks ee ey nes 40 48 09 |73 48 21 18 Slack 18.9 21 | 4.16 73 
978 Dee WAY BCTOBS.. cad les ce dc domes 40 48 09 |73 48 21 48 Slack 18.3 20 4.27 74 
979 GrOSme qe WAV AACLOSSs coc ples ches canes See wine 40 47 58 |73 48 24 1 Slack 18.9 21 4.56 80 
980 DET AWAY (ACEORS) . cps d= 3 sets ve ok 40 47 58 |73 48 24 18 Slack 18.9 21 | 4.80 85 
981 Gea WAV RACLOSSLts-doicte cic ss ao xo ove soles 40 47 58 |73 48 24 48 Slack 18.9 20 4.86 88 
982 6.47 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 1 Slack 18.9 21 | 3.30 60 
983 6.50 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 18 Slack 18.9 21 | 4.64 82 
984 6.55 |300 feet off landing, Cryders Point..../40 47 50 |73 48 28 42 Slack 18.9 20 | 4.40 77 
23—HARLEM RIVER, WILLIS AVENUE BRIDGE TO SPUYTEN DUYVIL, JULY 15, 1913 
High water occurred at Governors Island at 6.20 A. M. Low water at 12.45 P. M. There was no wind. 
pon A. M. z 
985 10.40 |Willis Ave. Bridge, Manhattan shore..|40 48 12 |73 55 47 1 Ebb 21.1 1.30 23 
986 | 10.45 |Willis Ave. Bridge, Manhattan shore..|40 48 12 |73 55 47 12 Ebb 21.7 1.40 25 
987 | 10.55 |Willis Ave. Bridge, Manhattan shore..|40 48 12 |73 55 47 20 Ebb 21.4 1.40 25 
988 | 11.00 |Willis Ave. Bridge, Bronx shore....... 40 48 12 |73 55 47 1 Ebb 21.7 1.03 19 
989 | 11.03 |Willis Ave. Bridge, Bronx shore....... 40 48 12 |73 55 47 12 Ebb PAN 1 be 21 
990 | 11.08 {Willis Ave. Bridge, Bronx shore...... 40 48 12 |73 55 47 20 Ebb Ped 2.24 41 
991 | 11.20 |3d Avenue Bridge, midstream........ 40 48 25 |73 55 58 1 Ebb 21.1 1.93 35 
992 | 11.25 |3d Avenue Bridge, midstream........ 40 48 25 |73 55 58 12 Ebb 20.6 1.89 33 
993 = ee 3d Avenue Bridge, midstream........ 40 48 25 |73 55 58 20 | Ebb 20.6 1.04 18 
994 | 12.35 |207th Street Bridge, midstream....... 40 51 46 {73 54 54 1 Ebb 21.7 1.20 21 
995 | 12.38 |207th Street Bridge, midstream....... 40 51 46 |73 54 54 12 Ebb 21.7 1.20 21 
996 | 12.40 |207th Street Bridge, midstream....... 40 51 46 173 54 54] ~° 18 Ebb 21.7 1.20 21 
997 | 12.54 |Spuyten Duyvil, 50 feet off north shore|40 52 42 |73 55 29 1 Ebb 22.6 0.75 14 
998 | 12.57 |Spuyten Duyvil, 50 feet off north shore/40 52 42 |73 55 29 12 Ebb 22.2 0.27 5 
999 1.00 |Spuyten Duyvil, 50 feet off north shore|40 52 42 |73 55 29 18 Ebb 22.2 1.21 21 
1000 1.05 |Spuyten Duyvil, 50 feet off north shore|40 52 41 |73 55 29 1 Ebb 22.2 0.84 15 
. 1001 1.08 |Spuyten Duyvil, 50 feet off south shore/40 52 41 |73 55 29 12 Ebb 22.2 1.05 19 
1002 1.12 |Spuyten Duyvil, 50 feet off south shore/40 52 41 |73 55 29 18 Ebb 21.9 0.91 17 
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24—HUDSON RIVER, CROSS-SECTION, MT. ST. VINCENT. JULY 16, 1913 


High water occurred at Governors Island at 7.15 A. M. Low water at 1.35 P. M. The wind was north, with a velocity of 
5 to 40 miles per hour. 











L fs 1 P ONES 

ocation of Samples er 

Sample | Hour aed. Tidal tie. cent. Per 
No. | A.M. surface | CUTEDt | Dec G,| land C.C.| cent. 

8- “| water] Per | satura- 
Approximate Latitude |Longitude litre | tion 

i a sr seth otf UU 
1003 6.50 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 56 1 Flood 22.5 64 | 4.30 73 
1004 6.55 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 56 18 Flood 22.2 64 | 4.80 82 
1005 7.00 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 56 48 Flood 22.2 61 | 3.30 57 
1006 G2 10) 124 way ReTOES 4 ae cs te tee eee 40 54 50 |73 54 59 | Flood 22.2 67 | 3.99 67 
1007 744 14 Way across. 20 oe re ne es eres 40 54 50 |73 54 59 18 Flood 22.2 63 431 73 
1008 7.18 (34 WAY ACTOSSS cee ead. | oe ee 40 54 50 |73 54 59 48 Flood 22.2 59 | 4.65 80 
1009 7. 22: 136: Way BCLO8S.. ee tr ee ene 40 54 50 |73 55 15 1 Flood 22.2 67 | 3.57 60 
1010 1:25 116 WAY BCTOBS? 2s ees ae te 2 oe 40 54 50 |78 55 15 18 Flood 22.2 64 4.26 72 
1011 7,00. Ye: WEY ACTORS: Seaeen sae tee 40 54 50 173 55 15 48 Flood 22.2 56 | 4.95 87 
1012 1.00 [84 WEY SCTORSS sca c5 2s suune st cegee 40 54 50 |73 55 30 1 Flood 22.5 67 | 3.98 68 
1013 7.30) 184, WAY (ACLOSS! file ed coe cna ee eee 40 54 50 |73 55 30 18 Flood 22.2 63 | 4.65 79 
1014 740 [24 WAY SCTORS® 1-3 oa: see es ee 40 54 50 |73 55 30 42 Flood 22.2 55 | 5.22 90 
1015 7.45 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 1 Ebb 22.5 64 | 4.99 85 
1016 7.50 1300 feet off New Jersey shore......... 40 54 50 |73 55 40 18 Ebb 22.2 64 | 4.81 82 
1017 8.00 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 36 Ebb 22.2 64 | 4.41 75 
1018 9.20 |300 feet off Mt. St. Vincent.......... 40 54 50 |73 54 46 1 Ebb 22.5 61 | 3.90 65 
1019 9.23 |300 feet off Mt. St. Vincent.......... 40 54 50 |73 54 46 18 Ebb 22.5 61 | 4.20 70 
1020 9.26 |300 feet off Mt. St. Vincent.......... 40 54 50 |73 54 46 48 Ebb 22.5 54 | 3.10 54 
1021 030.134 WAY ACTOSStt as cosise fier Bere 40 54 50 |73 54 59 1 Ebb 22.8 62 | 4.09 70 
1022 9°34 \34 way SCrOns. aoe > neces cree 40 54 50 |73 54 59 18 Ebb 22.5 6b 1 401% 71 
1023 0°96 [14 WAY SCTOSS. 5.0. t cos meena ar 40 54 50 |73 54 59 48 Ebb 22.5 53 | 4.15 73 
1024 Q 44 STG AVAY SCEOSS 2. ke eles con's aches 40 54 50 |73 55 15 1 Ebb 22.8 62 | 3.86 67 
1025 48 te way RCEORS 2 eo yer hoot ae aust 40 54 50 |73 55 15 18 Ebb 22.5 62 | 3.76 65 
1026 9252-46 WAY ACTORS, 2. ee ce ig eee 40 54 50 |73 55 15 48 Ebb 22.2 55 | 4.17 73 
1027 G7 55-134 Way ACTOSSS. 4. ook. anon a eee 40 54 50 |73 55 30 1 Ebb 22.5 63 | 3.48 60 
10282 1110-00124 way RerOGhy ao. ce eee reea ee 40 54 50 |73 55 30 18 Ebb 22.5 54 | 3.50 61 
1029 %7.30.05:184 ‘way-serosss: fizucee as wale ee one 40 54 50 |73 55 30 48 Ebb 22.5 53 | 4.79 84 
1030 | 10.10 {300 feet off New Jersey shore......... 40 54 50 |73 55 40 1 Ebb 23.1 62 | 4.78 83 
1031 10.13 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 18 Ebb 22.8 60 | 4.01 69 
1032 | 10.17 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 36 Ebb 22.8 58 | 4.10 7 
1033 11.45 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 1 Ebb 23.9 59 | 4.98 88 
1034 | 11.50 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 18 Ebb 23.3 59 | 4.60 81 
1035 | 11.52 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 31 Ebb 22.8 56 | 3.00 53 
OSG. Tiel OVI Ae wayeacrosse.. emenrs lee eerie 40 54 50 |73 54 59 1 Ebb 23.0 59 | 3.98 70 
1037 i A ae 1A WEY RCTORA. we cua pineal oe ree 40 54 50 |73 54 59 18 Ebb 22.8 60 | 4.20 73 
1038 | 12.03 |14 way across.........0...e00ee ee. 40 54 50 |73 54 59 | 42 Ebb | 22.5 | 54 | 3.94] 69 
1039 912.08 1246: way across, Jadoo eee eee 40 54 50 |73 55 15 1 Ebb 22.8 62 | 3.96 70 
1040 12.13, 134 Way SCrOGS. con cctanieeaa eee 40 54 50 {73 55 15 18 Ebb 22.8 56 | 4.16 73 
1041 © | 12:16 134 way: across.; ; dene aucouett. eee 40 54 50 |73 55 15 42 Ebb 22.8 54 | 4.76 86 
1042 | .12.18 84 way across... -.6 02 7. G ce. eae 40 54 50 |73 55 30 1 Ebb 23.6 59 | 4.12 73 
1043 [12.21 124 way Bras vem ousien ice a eet 40 54 50 |73 55 30 18 Ebb 23.0 56 | 4.09 72 
1044 ; |, 12.25: (84 way across: ...ns ce os ea eee 40 54 50 |73 55 30 42 Ebb 23.0 56 | 5.12 90 
1045 | 12.30 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 1 Ebb 23.9 65 | 4.90 86 
1046 | 12.85 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 12 Ebb 23.3 64 | 4.70 81 
1047 | 12.40 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 30 Ebb 23.0 59 | 4.05 71 
1048 1.55 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 1 Flood 23.9 63 | 4.37 40 
1049 1.59 |300 feet off dock at Mt. St. Vincent. .|40 54 50 |73 54 46 12 Flood 23.3 62 | 4.40 78 
1050 2.01 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 36 Flood 23.3 58 | 4.30 76 
1051 2:05: 134. way across. <iiccca. ao. pho aes 40 54 50 |73 54 59 1 Flood 23.3 66 | 5.20 90 
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TABLE CXX V—Continued 
24—HUDSON RIVER, CROSS-SECTION, MT. ST. VINCENT. JULY 16, 1913—Continued 








Location of Sampl P cee 
ocation of Samples Bry eee eee ee 
Sample | Hour ene Tidal ear "| cent.) Gq o | Per 
Now + P surface | Current | p arc! land Ae ete CON Gs 
; ; ; water lit satura- 
Approximate Latitude |Longitude ein Mera 
eo bl lol php dots awys | |. |. |.) 
1052 EE AYCACTORS 002. oc cit ec ea et ee 40 54 50 |73 54 59 18 Flood 23.1 60 | 4.41 77 
1053 Peel toa PVA PCTORS. 66 sles 6 o's coe ws ote 40 54 50 |73 54 59 42 Flood 22.8 58 | 4.46 78 
1054 MERI EW OY. ACTORS ae ns 5 ces acc oa e sce ees 40 54 50 73 55 15 1 Flood 23.9 69 4.68 81 
1055 DLN ONWAY) CLOGS... 2s. oicc ee bevel ce ees 40 54 50 |73 55 15 18 Flood 23.3 62 | 4.66 81 
1056 eaOr aiWAY ACTORS. oo iho. ova i.e dee es 40 54 50 {73 55 15 42 Flood 23.3 62 | 5.43 94 
1057 Broun a WAY GCTOBS .. 65s csc oe) skied scat dine 40 54 50 |73 55 30 1 Flood 24.1 69 | 4.76 83 
1058 RS AMC AMV) ACLORSIM. s)c.sliete-s os fist biel epleiels 49 54 50 |73 55 30 12 Flood 23.3 68 | 5.62 95 
1059 OORT AWAY, ACTORS. 5 iS ee dsc cde en ee se 40 54 50 [73 55 30 24 Flood 23.1 63 | 5.76 98 
1060 2.40 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 1 Flood 23.9 69 | 5.79 102 
1061 2.45 |300 feet off New Jersey shore........ 40 54 50 |73 55 40 12 Flood 23.0 KOM OnoOn tet O2 
1062 2.50 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 24 Flood 23.3 70 | 6.06} 103 
1063 4.50 |300 feet off dock at Mt. St. Vincent.../40 54 50 |73 54 46 1 Flood 24.5 68 | 6.07 | 108 
1064 4.53 |800 feet off dock at Mt. St. Vincent...|/40 54 50 |73 54 46 18 Flood 23.6 63 | 4.60 80 
1065 4.56 |300 feet off dock at Mt. St. Vincent...|40 54 50 |73 54 46 30 Flood 23.9 55 | 4.30 76 
1066 mele AmWwOYy ACTOSS. 65. fess. sees ps alk 40 54 50 |73 54 59 1 Flood 23.3 69 | 5.80} 101 
1067 MUMIA RY BCTOSS. 5s. sPaincc esos ke oe es ais 40 54 50 |73 54 59 18 Flood 23.1 64 | 5.32 93 
1068 POs auWAY: ACTORS... 2. 2 iiele oes cece shoe os os 40 54 50 |73 54 59 36 Flood 23.9 60 | 4.67 82 
1069 DAU GIWAY ACTOSS. . 065 50s os cs a cas eo pen's 40 54 50 |73 55 15 1 Flood 23.3 Oia los ton melol 
1070 De aOWAY BETORG. oc. dick ee been aes 40 54 50 173 55 15 18 Flood Deh Bs 66 4.26 74. 
1071 eet GUWAY, GCTOSS. os oc ol soe ene sc ees 40 54 50 |73 55 15 36 Flood 23.3 55 | 5.22 93 
1072 OM ZO SAMWAY ACKOSS. cre tacts were orsreVele sdieies 40 54 50 |73 55 30 1 Flood 23.9 73 | 5.95 | 1038 
1073 eae AWAY ACTORS, 6). nec en sees 40 54 50 {73 55 30 12 Flood 24.1 69 | 6.38 112 
1074 Breomle a WAY ACTOSS. ka ee ee 40 54 50 |73 55 30 24 Flood 23.3 62 | 6.06] 106 
1075 5.30 |3800 feet off New Jersey shore......... 40 54 50 |73 55 40 1 Flood 23.9 69 | 6.40 | 112 
1076 5.35 |300 feet off New Jersey shore......... 40 54 50 |73 55 40 12 Flood 23.9 71 | 6.00} 104 
1077 5.40 |800 feet off New Jersey shore......... 40 54 50 |73 55 40 18 Flood 23.3 78 | 6.42} 109 











25—HUDSON RIVER, YONKERS TO PIER A. JULY 17, 1913 


High water occurred at Governors Island at 7.50 A. M. Low water at 2.10 P. M. The wind was light, and varied from 
north to south. 











A.M. 

1078 6.55 |Midstream, opposite Power House 

Bugve Y ONKETS 200s oc Sc ss 40 56 55 |73 54 35 1 Flood 22.8 70 | 5.58 95 
1079 6.58 |Midstream, opposite Power House 

BUONG SL ONKCIB Gree cou. cS ecvtn os 40 56 55 |73 54 35 18 Flood 23.1 64 | 3.90 68 
1080 7.00 |Midstream, opposite. Power House 

MONG. POMKETS: MNS tes )cs sots sas esi 40 56 55 {73 54 35 42 Flood 22.8 60 | 4.70 81 
1081 7.20 |Midstream, opposite Mt. St. Vincent..|40 54 50 |73 55 15 | Flood 22.8 68 | 5.58 95 
1082 7.25 |Midstream, opposite Mt. St. Vincent..|40 54 50 /73 55 15 18 Flood 23.1 62 | 4.50 79 
1083 7.35 |Midstream, opposite Mt. St. Vincent..|40 54 50 |73 55 15 42 Flood 22.8 56 | 4.40 77 
1084 7.45 |Midstream, opposite Riverdale....... 40 54 10 |73 55 25 1 Flood 22.8 64 | 5.58 95 
1085 7.50 |Midstream, opposite Riverdale....... 40 54 10 |73 55 25 12 Flood 22.8 2" 113.80 67 
1086 7.55 |Midstream, opposite Riverdale....... 40 54 10 |73 55 25 24 Flood 22.8 52 | 2.90 51 
1087 8.15 |Midstream, opposite Spuyten Duyvil../40 52 50 |73 56 04 1 Ebb 22.8 58 | 4.18 71 
1088 8.20 |Midstream, opposite Spuyten Duyvil..|40 52 50 /73 56 04 12 Ebb 22.8 54 | 3.90 68 
1089 8.25 |Midstream, opposite Spuyten Duyvil..|40 52 50 |73 56 04 24 Ebb 22.2 57 | 2.90 50 
1090 8.45 |Midstream, opposite Inwood......... 40 52 20 |73 56 24 1 Ebb 23.1 56 | 4.48 79 
1091 8.50 |Midstream, opposite Inwood......... 40 52 20 |73 56 24 12 Ebb 22.5 51 | 2.80 49 
1092 8.55 |Midstream, opposite Inwood......... 40 52 20 |73 56 24 30 Ebb 22.2 49 | 2.90 51 


1093 9.20 |Mid-channel, opposite Ft. Washington 
ESCO dia oar Ga a ra 40 51 04 |73 57 13 1 Ebb 22.2 49 | 4.08 72 
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TABLE CX X V—Continued 
25—HUDSON RIVER, YONKERS TO PIER A. JULY 17, 1913—Continued 








Oxygen 
Location of Samples Per ‘(eee 
Sample | Hour Feet Tidal Temp. cent. Per 
below water c.c 
Now: | A. Mi) Se ee ene land -\-] cent. 
8 | water| Per | satura-_ 
Approximate Latitude | Longitude | litre | tion 




















Poti ech ai = eee oe eben ee 51 04 |73 57 13 18 Ebb 22.1 47 | 3.30 58 
1095 9.35 |Mid-channel, opposite Ft. Washington 

Paint cigneee okie ras Sates ae eae 1 04 |73 57 13 48 Ebb 21.7 44 | 2.00 35 
1096 9.55 |Mid-channel, opposite 129th street... .|40 49 16 |73 58 10 1 Ebb 22.8 42 | 3.69 67 
1097 | 10.06 |Mid-channel, opposite 129th street... .|40 49 16 |73 58 10 18 Ebb "22:2 41 | 2.60 46 
1098 | 10.10 |Mid-channel, opposite 129th street... .|40 49 16 |73 58 10 48 Ebb 21.7 35 | 3.50 63 
1099 | 10.30 |Mid-channel, opposite W. 110th street|40 48 32 |73 58 40 1 Ebb 22.2 37 | 3.28 59 
1100 | 10.35 |Mid-channel, opposite W. 110th street/40 48 32 |73 58 40 18 Ebb 22.0 37 | 3.20 57 
1101 | 10.40 |Mid-channel, opposite W. 110th street|40 48 32 |73 58 40 48 Ebb 21.7 35 | 3.30 59 
1102 | 10.55 |Mid-channel, opposite W. 72d street. .|40 47 02 |73 69 42 1 Ebb 22.2 35 | 3.59 65 
1103 | 11.00 |Mid-channel, opposite W. 72d street. .|40 47 02 |73 69 42 18 Ebb 21.7 35 | 3.30 59 
1104 | 11.05 |Mid-channel, opposite W. 72d street. .|40 47 02 |73 69 42 48 Ebb 21.4 33 | 2.50 45 
1105 | 11.25 |Mid-channel, opposite W. 42d street. ./40 45 50 |74 00 35 1 Ebb 21.7 33 | 3.09 55 
1106 | 11.28 |Mid-channel, opposite W. 42d street. ./40 45 50 |74 00 35 18 Ebb 21.7 33 | 2.50 45 
1107 | 11.30 |Mid-channel, opposite W. 42d street. ./40 45 50 174 00 35 48 Ebb 21.1 30 | 3.80 68 
1108 11.45 |Mid-channel, off 23d street........... 40 45 09 |74 01 00 i Ebb 22.0 33 3.59 63 
1109 11.50 |Mid-channel, off 23d street........... 40 45 09 |74 O01 00 18 Ebb PLT 33 | 3.30 59 
1110 it : pp Mid-channel, off 23d street........... 40 45 09 |74 01 00 30 Ebb 21.1 30 | 3.60 64 
1111 | 12.15 Mid-channel, off Canal street......... 40 43 38 |74 01 17 1 Ebb 21.7 31 | 3.99 70 
1112 | 12.20 |Mid-channel, off Canal street......... 40 43 38 |74 01 17 18 Ebb 21.1 28 | 3.10 55 
1113 | 12.25 |Mid-channel, off Canal street......... 40 43 38 |74 01 17 42 Ebb 20.3 26 | 3.40 61 
1114 | 12.40 |Mid-channel, off Pier A.............. 40 42 19 |74 01 34 1 Ebb 21.9 28 | 3.68 67 
1115 | 12.45 |Mid-channel, off Pier A.............. 40 42 19 |74 O1 34 18 Ebb 2151 27 | 3.30 59 
1116 | 12.50 |Mid-channel, off Pier A.............. 40 42 19 |74 01 34 36 Ebb 20.6 26 | 2.90 52 


26—EAST RIVER, CROSS SECTION, PIER 10, MANHATTAN, TO PIER 10, BROOKLYN, JULY 18, 1913 
High water occurred at Governors Island at 8.10 A. M. Low water at 2.50 P. M. The wind was light and variable. 





A.M. 
1117 7.25 |100 feet off Pier 10, Manhattan..,...|/40 42 09 [74 00 22 1 Flood 20.0 25 | 3.39 60 
1118 7.28 |100 feet off Pier 10, Manhattan...... 40 42 09 |74 00 22 15 Flood 20.3 24 | 2.90 52 
1119 7.32 |100 feet off Pier 10, Manhattan...... 40 42 09 |74 00 22 30 Flood 20.3 24 | 2.80 50 
1120 72238 1144 Waysachossia5 daar urs) tae eer 40 42 07 |74 00 17 1 Flood 20.3 26 | 2.56 46 
1121 ehh | LArwayeAClOSSi seat ates: ot eee nee 40 42 07 |74 00 17 Ls Flood 20.3 26 | 2.99 53 
1122 if AG Ye WAY BCPOSS. 1. tinn cae ok hee ae ee 40 42 07 |74 00 17 40 Flood 20.0 2552) 2.27 40 
1123 1.007 |S6.WaytaCrOkss een hie eee eee 40 42 03 |74 00 11 1 Flood 20.0 25 | 2.40 42 
1124 15D" 1YOUWSY ACTOSS.1 A toners b See each eee 40 42 03 |74 00 11 15 Flood 20.0 25 3.05 54 
1125 3.00 [146way aerosds Ja2 Aoaetst oe) 40 42 03 |74 00 11 40 Flood 20.0 23 | 3.71 66 
1126 8.05 184 wayracross?..!Siencach 2b ee eee 40 42 00 |74 00 05 1 Flood 20.0 27 =| 2.66 47 
1127 8209 :-|82: Wa VeaChOssh. neta a ee 40 42 00 |74 00 05 15 Flood 20.0 27 2.92 51 
1128 S.11 :|84-way across: . opzcudele wees Hatin dene 40 42 00 |74 00 05 35 Flood 20.0 27 | 4.32 76 
1129 8.15 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Flood 20.0 25 | 3.29 59 
1130 8.20 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Flood 20.0 23 | 3.20 57 
1131 8.25 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Flood 20.0 23 | 3.08 55 
1132 9.30 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Ebb 20.0 23 | 2.69 48 
1133 9.35 |100 feet off Pier 10, Manhattan....... 40 42 09 74 00 22 15 Ebb 20.0 23 | 3.40 60 
1134 9.40 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Ebb 20.0 23 | 2.50 45 
1135 9.42 |l4 way acrosd..iick. beens tees 40 42 07 |74 00 17 1 Ebb 20.0 23 | 2.87 51 
1136 9.46. |34) WAY: ACTORS sara. = oe oe ee 40 42 07 |74 00 17 15 Ebb 20.0 21 | 3.09 55 
1137 9:49 134 way across: 2... sehen oe ee 40 42 07 |74 00 17 40 Ebb 20.0 21 73,08 62 
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26—EAST RIVER, CROSS SECTION, PIER 10, MANHATTAN, TO PIER 10, BROOKLYN. JULY 18, 1913—Continued 











Oxygen 





Location of Samples Labi Be Seaton 
Feet 
cent. Per 


below water land | C. ©.| cent. 


Sample rae 
2 current 
M surface Deg. C. | Voter pe satura- 
itr 


Approximate Latitude |Longitude € | tion 
DT ITS a ° , W ° , ”" 

1138 EOP WAY GCIOSS fue ice cee n cee vas 40 42 03 |74 00 11 1 Ebb 20.0 25 | 2.91 52 
1139 DrOe We WOY BCTORS oie ese eee ee ces 40 42 03 |74 00 11 15 Ebb 20.0 25 | 3.45 61 
1140 eGo Is WAY ACTORS. 0 ss. ccc ce eee sce’ 40 42 03 |74 00 11 40 Ebb 20.0 25 | 3.00 54 
Sete ANN ea WAY ACLOSS. bie ee cee oe wad 40 42 00 |74 00 05 1 Ebb 20.0 25 | 2.93 52 
PIAZ 110-05) a WAY ACTOSS 22. bien dee eee ce eens 40 42 00 |74 00 05 15 Ebb 20.0 25 | 3.60 64 
Maar er A oe WAY ACTORS ok hc ce ce ees 40 42 00 |74 00 05 35 Ebb 20.0 25 | 4.32 76 
1144 | 10.40 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Ebb 20.0 23 | 2.88 51 
1145 | 10.45 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Ebb 20.0 23 | 2.92 52 
1146 | 10.50 {100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Ebb 20.0 23 | 2.38 42 
1147 | 11.45 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Ebb 21.1 24 | 2.60 47 
1148 11.47 {100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 Ebb 21.1 24 2.60 47 
1149 | 11.50 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Ebb 20.6 24 | 2.50 45 
PLD ORe ee OOM ZeWAY ACLOSS: oc cise)s csc sais ove weasels 40 42 07 |74 00 17 1 Ebb 20.6 22 | 1.96 35 
1151 Cy a MEY ACLOSG go he Lio. 5.40» diels mois eos 40 42 07 |74 00 17 15 Ebb 20.6 22 | 2.38 43 
Boy 0201 7 way across... 5.5 .....000. 000 ue 40 42 07 740017] 40 Ebb | 20.6 | 22 |2.55| 46 
Beet 12.09, 13> WAY ACTOSS.... 2. ec eens 40 42 03 |74 00 11 1 Ebb 20.6 24 | 1.99 35 
Shae oale) [So WAY BCTORS 02 Lic ene cee 40 42 03 |74 00 11 15 Ebb 20.6 24 | 2.45 44 
Dea IA LS WAV ACTORS i a cchevse ela ssn cee ees 40 42 03 |74 00 11 40 Ebb 20.8 24 | 2:78 50 
Beets ie fea WSY ACTOSS.. ee dese 40 42 00 |74 00 05 1 Ebb 20.8 28 | 2.26 40 
Det ec ee WAY ACTORS. oa ace ee ees ens 40 42 00 |74 00 05 15 Ebb 20.8 24 | 2.19 37 
PLO S ERI ono AMWAYSACIOSS! vs sla eaten sores! soo was 40 42 00 |74 00 05 35 Ebb 20.6 24 | 3.18 57 
1159 | 12.30 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Ebb 20.8 2A. 1.2:37 42 
1160 | 12.33 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Ebb 20.8 24 | 2.11 38 
1161 | 12.35 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Ebb 20.8 24 | 1.88 33 
1162 1.37 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Ebb PR ed) 24 2.49 45 
1163 1.40 {100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 Ebb 21.1 24 | 2.20 40 
1164 1.45 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Ebb 21.1 24 | 1.80 32 
1165 erie way Across. 2.055. seb alg ale ee cae ke 40 42 07 |74 00 17 1 Ebb Zien 24 | 1.56 28 
1166 Domo Tee WAY ACTORS... Gills cans sce cec ake AO 42 07 |74 00 17 15 Ebb 21.1 24 | 1.88 34 
1167 OR GS UIAwWAY ACTORS. 35 SING cui. wis a tay oese 0 bie 40 42 07 |74 00 17 40 Ebb 21.1 24 | 2.36 43 
1168 ZOOM EGuWay ACTOSS ose Nien ee cs bee 2 ee 40 42 03 |74 00 11 1 Ebb PATat 24 1.48 27 
1169 DMO Oe | eGaWAY. ACTORS ssc Se Sewiic coe SS ase ots 40 42 03 {74 00 11 15 Ebb 21.1 24 1.85 om 
1170 nse WAY ACTORS. 22 SS nvicen vs cues esas ds 40 42 03 |74 00 11 40 Ebb atel 24 | 1.12 20 
1171 DLO CAR AY: SCTOSS i. cntastels «fa cus als lees 40 42 00 |74 00 05 1 Ebb 21.1 24 1.56 28 
1172 Beapetoe WAY BTORS. 6. Pala... cokes eee 40 42 00 |74 00 05 15 Ebb 21.1 24 | 1.88 34 
1173 PONY SOTORS. 8 « si tleisitc ow via cle ese ni0 as 40 42 00 {74 00 05 35 Ebb 21:1 24 | 2.80 50 
1174 2.25 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Flood 21.1 24° 12.17 39 
1175 2.27 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Flood PAR! 24 | 2.01 36 
1176 2.30 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Flood 21.1 24 | 1.78 | — 32 
1177 3.40 {100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Flood ZA SE 23 | 2.69 49 
1178 3.43 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 Flood 21.1 24 | 1.80 33 
1179 3.45 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Flood 21.1 22 | 1.90 35 
1180 Reeser AY ROTORS.) Sieh) poe ee we mned's 40 42 07 |74 00 17 1 Flood Paid 24 1.67 30 
1181 SOLE e AWAY. ACLOSS J chs.ctelih clole oib's owuctec sees 40 42 07 |74 00 17 | 15 Flood 20.8 24 | 1.48 26 
1182 BDO 124 WAY ACTORS. 6. S60 oe ect eee eee 40 42 07 |74 00 17 40 Flood 20.8 24 2.26 40 
1183 AP CM Eo WAV SACIOSS. of, ctasinaists of sv Slee ave oo abe 40 42 03 |74 00 11 1 Flood 2131 26 | 0.87 15 
1184 BREET PO) WAY ACTORS oi). vie vies cis vedio ce es os 40 42 03 |74 00 11 15 Flood Are | 26 | 1.36 24 
1185 BRET aWOY GCLOGS.chicivisicies <b oo cides ce de 40 42 03 |74 00 11 40 Flood 21.1 26 | 2.06 37 
1186 Bate aeWAY ACTORE a Jocks. ss beh s a ess 40 42 00 |74 00 05 1 Flood 21.1 24 | 1.94 35 
1187 eae AUVELY ARLGSS § ois) lois a a\v slbin sa aboras 40 42 00 |74 00 05 15 Flood 21.1 24 | 2.74 51 
1188 ALE | SGV Vu ACLOSS Ant. tela eit scenes ov stents 40 42 00 |74 00 05 35 Flood 20.8 22 | 3.17 57 
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TABLE CX X V—Continued 
26—EAST RIVER, CROSS SECTION, PIER 10, MANHATTAN, TO PIER 10, BROOKLYN, JULY 18, 1913—Continued 





Location of Samples 

Sample | Hour oe Tidal 

Now] (P.M. peck en eee Deg. C. 

Approximate Latitude | Longitude 

i i as I ila iis ik °° © 
1189 4.20 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 ii Flood ed 

1190 4.25 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Flood mk 

1191 4.30 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Flood 8 

1192 6.05 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 1 Flood 2 

1193 6.09 100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 15 | Flood 4 1 
1194 6.12 |100 feet off Pier 10, Manhattan....... 40 42 09 |74 00 22 30 Flood 8 a 
1195 6.15) a way RCr0ss:. 2 ..sBies be oa es <2 oe 40 42 07 |74 00 17 1 Flood ne 1 
1196 6, 18:44 WAY ACrogs 3 sch atan's ctareisles savour 40 42 07 |74 00 17 15 Flood ss 1 
1197 6/20 AaWAy ACTORS. 2..<)Bynetie slit ere 40 42 07 |74 00 17 40 Flood 6 ds 
1198 G25 *|Io-Way ACrOSs) eh ae ackciare cy ere 40 42 03 |74 00 11 1 Flood 1 0. 
1199 6:28: |S4Q;way Gcross. 2.5: Aevs bits Borne oleh eee 40 42 03 |74 00 11 15 Flood af Ls 
1200 6.80" [34 way serGss.° 2 nee oe ee ae 40 42 03 |74 00 11 40 Flood 8 1. 
1201 6.34 [84 Way across.2).208 050 - binant 40 42 00 |74 00 05 1 Flood 1 0. 
1202 6:36" |S4r way. ACrOBS cates ok te ee ee 40 42 00 |74 00 05 15 Flood 1 a 
1203 6:39 71S ZaWAVEaCLOSS oy amen eee 40 42 00 |74 00 05 35 Flood 1 ie 
1204 6.40 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 1 Flood 4 1. 
1205 6.45 |100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 15 Flood nl 2. 
1206 6.50 {100 feet off Pier 10, Brooklyn........ 40 41 57 |74 00 00 30 Flood 8 We 











27—NARROWS, CROSS-SECTION, FORT LAFAYETTE TO FORT WADSWORTH. JULY 24, 1913 


Low water occurred at Governors Island at 6.10 A. M. High water at 1.00 P. M. The wind was southeast, with a velocity 
of 5 miles per hour. 

















A.M. 
1207 7.30 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Flood 21.1 20 | 3.20 58 
1208 7.33 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 18 Flood 21.1 22 | 3.40 62 
1209 7.38 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 54 Flood 20.6 18 | 4.26 77 
1210 740,114 Way ACTORS 2 cous <.. ea 40 36 27 |74 02 34 1 Flood 21.1 24 | 2.70 49 
HAL 13437 | SGaWAY, ACTOSS .ta atone. Ceres ake ore 40 36 27 |74 02 34 24 Flood 20 20 240 50 
1212 i 450 Oway SeTORs: Seer oe os bee Hae oe 40 36 27 |74 02 34 54 Flood 20.6 20 | 4.32 78 
1213 WoO LL Gs WAY ACIOES urn Jae sen oe eae 40 36 25 |74 02 48 1 Flood PALA 24 3.01 So 
1214 WisDO1 1 Yo WAY: ACLOSS scene «tee tues c a eee 40 36 25 |74 02 48 30 Flood 20.6 20 | 4.49 81 
1215 fod He WAY BELOSS «acc. eeics clea tees ate 40 36 25 |74 02 48 54 Flood 20.6 16 | 3.98 72 
1216 S203 Sa way. ACrOss. 2. es cee hae aoe 40 36 23 |74 03 02 1 Flood 21.1 24 | 3.22 58 
1217 SOG TZawayACrossac toe se cee eile cae ie 40 36 23 |74 03 02 30 Flood 20.9 20 | 3.03 54 
1218 8.10 34 way BerOes ct 5 cts «ence ee 40 36 23 |74 03 02 54 Flood 20.6 16 | 4.16 76 
1219 8.15 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Flood 21.1 24 | 2.92 56 
1220 8.18 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 30 Flood 20.9 20 | 4.30 dade 
1221 8.25 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 60 Flood 20.6 18 | 3.94 72 
1222 9.35 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Flood 22.2 19 | 3.30 66 
1223 9.38 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 30 Flood 21.1 18 | 3.90 71 
1224 9.40 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 45 Flood 20.6 16 | 4.15 75 
1225 9.45 114 way Across. 3). sol ge) ot ag hie ae eee 40 36 27 |74 02 34 1 Flood 21.4 21 | 3.38 62 
1226 9.48 | doway' across.) 2eaes . sta eee 40 36 27 |74 02 34 30 Flood 20.8 20 | 3.84 70 
1227 9,52 °|34 ‘Way ACTORS. .%.plede.s gure ee cae 40 36 27 |74 02 34 60 Flood 20.6 18 | 4.24 76 
1228 9.55 |14 way across... dee. eek eae 40 36 25 |74 02 48 1 Flood 21.1 21 | 3.88 70 
1229 9.58 1e.way Across)... ue a ems cee 40 36 25 |74 02 48 30 Flood 20.8 18 | 4.38 80 
1230 | 10.00 ‘134 way. seross:.|... ence ee 40 36 25 |74 02 48 60 Flood 20.6 18 | 4.29 76 
1231 ..)\ 10.05 [34 way across, ...ier.5 4 eke eee 40 36 23 |74 03 02 1 Flood 21.1 20 | 4.38 80 
1232 10.10 :}34 way across: ek bee eee eae 40 36 23 |74 03 02 30 Flood 20.8 20 | 3.33 60 
1288 | 10,12 184 way across... 0.2 eee ee 40 36 23 |74 03 02 60 Flood 20.6 18 | 3.76 68 
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TABLE CXXV—Continued 
27—NARROWS, CROSS-SECTION, FORT LAFAYETTE TO FORT WADSWORTH. JULY 24 1913—Continued 











Locati f§ 1 wakes 
ocation of Samples Pen 
Sample | Hour Feet Tidal Temp. cent. Per 
below water Cc 
Mo. A. MO he surface | CUTeDt | Hes G,| land -\- 1 cent. 
; 8 | water| Per | satura- 
Approximate Latitude | Longitude litre | tion 
BEE SELES LEE PENS OTL TE I TS TE 
1234 | 10.18 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 t Flood 21.1 22 | 3.43 63 
1235 | 10.20 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 18 Flood 21.1 16 | 4.30 79 
1236 | 10.25 |200 feet off Fort Wadsworth......... 40 36 21 |74 038 12 40 Flood 20.8 20 | 3.74 68 
1237 | 11.50 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Ebb 21.4 19 | 3.20 59 
1238 | 11.53 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 30 Ebb 20.8 1G "4510 15 
1239 | 11.58 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 54 Ebb 20.8 16 | 4.35 80 
1240 2 a PAA VaACTORS nic esgis yee on cs bier os 40 36 27 |74 02 34 1 Ebb 21.1 19 | 4.38 80 
Patent 08/47 way acrosa.......3..0.. 600.6000 40 36 27 174 02 34| 30 Ebbi of (2h 198 14.141 “76 
Pee Pio fON 4 WAY ACYOGS.. ois ce we hace e ee ees 40 36 27 |74 02 34 60 Ebb 20.8 18 | 4.64 85 
1243 | 12.08 |14 way across...............005000 40 36 25 |74 02 48 1 Ebb 21.7 ole BAL57 84 
Bee PAS) 12S WAY ACTOSS.. 22. sec ecco et 40 36 25 |74 02 48 30 Ebb 21.1 19 | 5.33 98 
Ree ee a WAY ACLORS 62.5 cb cs ck cece eee sens 40 36 25 |74 02 48 60 Ebb 21.1 18 | 5.19 95 
Beet [oa WAY ACTORS... oo. fe eee ee es 40 36 23 |74 03 02 1 Ebb 21,1 21419 77 
tee eco eA WAY ACTOSS. . voi b acdc ssa ce see obs 40 36 23 |74 03 02 30 Ebb 2 yall 19 | 4.68 86 
Pee 8201 WAY ACTORS .i.cic sce ewe eens 40 36 23 |74 03 02 60 Ebb 21.1 19 | 4.86 89 
1249 | 12.35 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 t Ebb 20.6 22 | 3.94 71 
1250 | 12.40 /200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 18 Ebb 20.6 20 | 4.68 86 
1251 | 12.45 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 40 Ebb 20.6 20 | 4.96 90 
1252 2.55 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 1 Ebb 21.1 24 | 4.40 80 
1253 3.00 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 30 Ebb 20.8 18 | 4.60 84 
1254 3.05 |200 feet off Fort Lafayette........... 40 36 29 |74 02 24 54 Ebb 20.6 18 | 4.95 90 
1255 BUI CeW AY ACEOSS ho. ds cj wa ship een 40 36 27 |74 02 34 1 Ebb 21.1 20 | 4.79 88 
1256 MLM AmMW AV ACTOSB ico s0 sh oles ws ae es alse o's 40 36 27 |74 02 34 30 Ebb 20.8 IG) Ze rds' 87 
1257 SLOG WAY ACTOSS .5 2 Coes aldcie's Ghee da 40 36 27 |74 02 34 60 Ebb 20.6 16 | 4.84 89 
1258 BREA oRWVaAY ACTOBS. 265 20.8. bees oc ee oo 40 36 25 |74 02 48 1 Ebb 21.1 20 | 4.84 89 
1259 Dee SRV AV ACTORS. 5c sig dis cops csiece sd veces 40 36 25 |74 02 48 30 Ebb 20.8 18 3) 5223 95 
1260 MEI COWAY ACTOS. 55 Secs cece cava ekek 40 36 25 |74 02 48 60 Ebb 20.6 18 1|.5.10 91 
1261 UR MEW AY ACTOSS. 6. . Uiok ai vic boa ec ee 40 36 23 |74 03 02 1 Ebb 21.4 2 elo 95 
1262 eer VAN: ACTORS 22 2 t's v's ess ova e's fo vs 40 36 23 |74 03 02 30 Ebb 20.8 18 | 3.85 70 
1263 BESOMTOWAY SETORd. o22 te. 0 Sky Sens 40 36 23 |74 03 02 60 Ebb 20.6 16 | 4.86 89 
1264 3.45 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 1 Ebb 21.1 26 4.14 75 
1265 3.50 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 18 Ebb 20.6 20 | 4.69 86 
1266 3.55 |200 feet off Fort Wadsworth......... 40 36 21 |74 03 12 40 Ebb 20.6 18 | 4.55 83 











28—EAST RIVER TO NARROWS, MIDSTREAM. JULY 25, 1913 


Low water occurred at Governors Island at 7.00 A. M. High water at 1.45 P.M. The wind was northwest, with a velocity 
of 5 to 10 miles per hour. 











A. M. 
1267 7.00 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 1 Flood 2127 25 | 1.20 22 
1268 7.05 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 15 Flood eA A 2h 310 20 
1269 7.10 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 36 Flood ee 28 | 1.35 24 
1270 7.28 |Hudson river, at Pier A.............. 40 42 19 |74 O01 34 1 Flood Bit 36 | 2.70 48 
1271 7.33 |Hudson river, at Pier A.............. 40 42 19 |74 01 34 18 Flood 21.1 34 | 2.03 36 
1272 7.37 |Hudson river, at Pier A.............. 40 42 19 |74 01 34 36 Flood 21.1 32 | 2.54 45 
1273 8.05 |Robbins Reef, at bell buoy........... 40 39 15 |74 03 50 1 Flood 21.1 28 | 2.10 38 
1274 8.10 |Robbins Reef, at bell buoy........... 40 39 15 |74 03 50 30 Flood | 20.8 26 | 2.40 43 
1275 8.15 |Robbins Reef, at bell buoy........... 40 39 15 |74 03 50 45 Flood 20.8 26 | 2.86 51 
1276 8.40 {Kall van Kull, at Sailors Snug Harbor.|40 38 50 |74 06 25 1 Flood 21.9 27 | 3.60 66 
‘1277 8.45 |Kill van Kull, at Sailors Snug Harbor./40 38 50 |74 06 25 15 Flood 21 id 27 | 3.10 57 
1278 8.50 |Kill van Kull, at Sailors Snug Harbor.|40 38 50 |74 06 25 25 Flood Lai 27 | 3.25 59 
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28—EAST RIVER TO NARROWS, MIDSTREAM. JULY 25, 1913—Continued 














Location of Samples mule Fae Me 
Feet Tidal Temp. cent. Cc Per 


Sample | Hour 

O. Are : oe current aves land | | cent 

8. \: | water fs satura- 
Approximate Latitude |Longitude tion 

ena: ns Berea meen ean Manresa Sr i 
1279 9.30 |Narrows, between forts.............. 40 36 25 |74 02 48 1 Flood 21.7 25 | 3.10 57 
1280 9.37 |Narrows, between forts.............. 40 36 25 |74 02 48 30 Flood 21.1 20 | 3.40 62 
1281 9.40 |Narrows, between forts.............. 40 36 25 |74 02 48 60 Flood 20.8 18 | 4.05 74 

P.M. 

1282 | 12.25 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 1 Ebb 22.2 29 | 2.60 47 
1283 | 12.30 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 15 Ebb 21.9 27 =| 2.40 44 
1284 | 12.35 |East river, at Brooklyn Bridge....... 40 42 20 |73 59 48 36 Ebb 20 28 | 2.45 44 
1285 | 12.55 |Hudson river, at Pier A..............|40 42 19 |74 O1 34 1 Ebb 22.8 30 | 2.88 53 
1286 1.00 |Hudson river, at Pier A.............. 40 42 19 |74 01 34 18 Ebb 22.2 29 | 2.53 50 
1287 1.05 (Hudson river, at PiersA. 2) 220.0..0.. 40 42 19 |74 O1 34 36 Ebb 21.7 29. | 2.51 45 
1288 1.40 |Robbins Reef, at bell buoy...........|40 39 15 |74 03 50 1 Ebb 21.7 17 | 3.80 70 
1289 1.45 |Robbins Reef, at bell buoy........... 40 39 15 |74 03 50 30 Ebb 21.1 18 | 3.80 70 
1290 1.50 |Robbins Reef, at bell buoy........... 40 39 15 |74 03 50 45 Ebb 20.6 16 | 4.35 80 
1291 2.10 |Kill van Kull, at Sailors Snug Harbor.|40 38 50 /74 06 25 1 Ebb 22.2 27 | 2.80 51 
1292 2.15 |Kill van Kull, at Sailors Snug Harbor./40 38 50 |74 06 25 15 Ebb 22.0 26 | 3.30 60 
1293 2.20 |Kill van Kull, at Sailors Snug Harbor.|40 38 50 |74 06 25 25 Ebb 21.1 20 | 3.65 67 
1294 3.00 |Narrows, between forts.............. 40 36 25 |74 02 48 1 Ebb 21.1 20 | 4.10 75 
1295 3.15 |Narrows, between forts.............. 40 36 25 |74 02 48 30 Ebb 21.1 18 | 4.30 79 
1296 3.25 |Narrows, between forts.............. 40 36 25 |74 02 48 60 Ebb 21.1 18 | 5.25 96 

















29—HARLEM RIVER, BACK OF WARDS ISLAND. AUGUST 14, 1913 


High water occurred at Governors Island at 6.50 A. M. The wind was south, with a velocity of 5 miles per hour. 











Po M: 
1297. ° | 22.35) (Midstreain io... 4°. Sune a. o.'s ee cee 40 47 23 |73 56 07 24 Ebb 23.3 20 | 2.60 49 
12908" 122750 ai Midstreain'.e Sen aoe nee 40 47 23 |73 56 07 2 Ebb 23.9 23 | 1.40 26 
































30—EAST RIVER, PIER 10. AUGUST 165, 1913 


High water occurred at Governors Island at 7.45 A. M. Low water at 1.45 P.M. The wind was south, with a velocity of 3 
miles per hour. ’ 








A.M. 
11.45 Midstream aerate? Siento eae chataene arene Jo 42 03 rs 00 un} 20 | Ebb | 23.9 | 23 2.05 | 39 
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31—EAST RIVER. AUGUST 21, 1913 
High water occurred at Governors Island at 10.55 P. M. The wind was southeast, with a velocity of 10 miles per hour. 
A.M. 
1302 | 11.15 |East river, at Mill Rock............. 40 46 50 |73 56 25 24 Flood alee 21 | 2.88 53 
1303 o ay Midstream, at Queensboro Bridge... .|40 45 25 |73 57 55 24 Flood 23.9 20 | 3.38 65 


1304 | 12.10 |Midstream, at Williamsburgh Bridge..|40 42 49 |73 58 21| 24 Flood | 23.3 | 20 | 2.08| 939 
1305 | 12.35 |Midstream, at Brooklyn Bridge....... 40 42 20 |73 59 48 24 Ebb 23.3 20 | 2.18 41 
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82—EAST RIVER, HUDSON RIVER, ROBBINS REEF, KILL VAN KULL AND NARROWS. AUGUST 27, 1913 


Low water occurred at Governors Island at 10.00 A. M. High water at 4.10 P. M. The wind was south, with a velocity 
of 3 to 10 miles per hour. 





Location of Samp! pee |e Ee 
ocation of Samples er 
Sample | Hour es as Tidal Temp. cent. Per 
ee pm ne ree es peels current De oO. land | ©. C. | cent. 
: water| Per |satura- 
Approximate Latitude | Longitude litre | tion 
° , u ° / u ie © 
1306 9.00 |East river, midstream, at Brooklyn : 
1 SRD SOND AUER So eer ne eee rane 40 42 20 |73 59 48 1 Ebb 23.6 21 | 0.90 17 
1307 9.10 | East river, midstream, at Brooklyn 
UY, G2 Ri ly RE: Sore een eae 40 42 20 |73 59 48 18 Ebb 23.6 21} 1.15 22 
1308 9.20 |East 1iver, midstream, at Brooklyn 
[BLE Gh7o. eitaty ah Weleines Se ene Me 40 42 20 |73 59 48 30 Ebb 23.6 21 1.34 25 
1309 9.35 |Hudson river, midstream, off PierA...|40 42 19 |74 01 34 1 Ebb 23.3 26 | 3.04 57 
1310 9.45 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 18 Ebb 23.3 28 | 2.68 49 
1311 9.55 |Hudson river, midstream, off Pier A. .|40 42 19 |74 O01 34 36 Ebb 23.3 26 | 3.09 58 
1312 | 10.25 |Robbins Reef, near bell buoy......... 40 29 10 |74 03 50 1 Flood 23.3 21 | 2.90 55 
1313 10.30 |Robbins Reef, near bell buoy......... 40 29 10 |74 03 50 24 Flood Peers PA ANP AateKG: 54 
1314 | 10.50 |Robbins Reef, near bell buoy......... 40 29 10 |74 03 50 48 Flood 23.8 24 | 2.90 54 
1315 | 11.10 |Kill van Kull, midstream, opposite 
Sailors Snug Harbor............... 40 38 50 |74 06 25 1 Flood PBS 23} 4:30 81 
1316 | 11.15 {Kill van Kull, midstream, opposite 
Sailors Snug Harbor... .|[40 38 50 |74 06 25 15 Flood 23.3 23° | 2.66 69 
1317 | 11.25 |Kill van Kull, midstream, ‘opposite ' 
Sailors Snug Harboe ees, 40 38 50 |74 06 25 30 Flood 23.3 23 | 3.40 64 
1318 < ae Narrows, midway, between forts... .. 40 36 25 |74 02 48 1 Flood 23.3 22 | 2.90 55 
1319 | 12.10 |Narrows, midway, between forts...... 40 36 25 |74 02 48 36 Flood 22.8 18 | 3.64 66 
1320 12.15 |Narrows, midway, between forts....../40 86 25 |74 02 48 54 Flood 22.8 18 | 4.30 79 
1321 2.15 |East river, midstream, at Brooklyn 
CDS ge os ea a 40 42 20 |73 59 48 1 Flood 23.3 26 | 2.00 38 
1322 2.20 |East river, midstream, at Brooklyn 
ME PIORO et ake yall a kee pein 40 42 20 |73 59 48 18 Flood 23.3 26 | 1.96 36 
1323 2.30 |East river, midstream, at Brooklyn 
LANG Eh Ld Ne Iii ie Rang Mets See 40 42 20 |73 59 48 30 Flood 23.3 26 | 2.40 45 
1324 2.50 |Hudson river, midstream, off Pier A. ./40 42 19 |74 O01 34 1 Flood 23.3 26 | 2.40 45 
1325 | 2.55 |Hudson river, midstream, off Pier A. .|40 42 19 |74 01 34 18 Flood 23.3 24 | 3.16 59 
1326 3.00 |Hudson river, midstream, off Pier A. ./40 42 19 |74 O01 34 36 Flood 23.3 24 | 2.70 51 
1327 3.45 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 1 Ebb 22.8 18 | 3.30 62 
1328 3.55 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 24 Ebb © 22.8 16 3220] el 02 
1329 4.05 |Robbins Reef, near bell buoy......... 40 39 10 |74 03 50 48 Ebb 22.8 14 | 4.10 79 
1330 4.30 |Kill van Kull, midstream, opposite 
Sailors Snug Harbor............... 40 38 50 |74 06 25 1 Ebb 23.3 20 | 3.30 63 
1331 4.35 |Kill van Kull, midstream, opposite 
Sailors Snug Harbor............... 40 38 50 |74 06 25 15 Ebb | 238.0 20 | 3.26 61 
1332 4.40 |Kill van Kull, midstream, opposite 
SallorsisnuleeAarDOL. cass. aekiie ote 40 38 50 |74 06 25 30 Ebb 22.8 18 ; 3.50 66 
1333 5.40 |Narrows, midway between forts....... 40 36 25 |74 02 48 1 Ebb 22.8 16 | 4.60 87 
1334 5.45 |Narrows, midway between forts....... 40 36 25 |74 02 48 36 Ebb 22.6 16 | 4.87 92 
1335 5.50 |Narrows, midway between forts....... 40 36 25 |74 02 48 54 Ebb 22.2 16 | 5.20 99 

















33—EAST RIVER, HUDSON RIVER, ROBBINS REEF, KILL VAN KULL AND NARROWS. SEPTEMBER 19, 1913. 


High water occurred at Governors Island at 10.40 A. M. Low water at 4.30 P.M. The wind was northeast, with a velocity 
of 5 miles per hour. . 


A.M. 
1339 9.05 |East river, midstream, at Brooklyn 
PCOARO Ge moar ees aso ts pie Sa 40 42 20 |73 59 48 1 Flood | 20.0 25 | 2.30 41 
1340 9.15 |East river, midstream, at Brooklyn 
Uh ie Tay el <n i 40 42 20 |73 59 48 18 Flood | 20.0 25 | 2.20 39 
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33—EAST RIVER, HUDSON RIVER, ROBBINS REEF, KILL VAN KULL AND NARROWS. 


SEPTEMBER 19, 1913—Continued 








Location of Samples 


Longitude 





Feet 
below 
surface 


Tidal 


Temp. 
water 
current Deg. C. 


Per 
cent. 
land 


water | 











25 
18 











74 02 48 
74 02 48 
74 02 48 


73 59 48 


73 59 48 
73 59 48 
74 O1 34 


74 06 25 
74 06 25 


74 06 25 
74 02 48 


Hour 
A.M. 
Approximate Latitude 
° , u 
9.20 |East river, midstream, at Brooklyn 
Brid Gen peneeaa snc ec aeeene 40 42 20 
9.50 |Hudson river, midstream, opposite 
PIOi PAR Aen termine seem e ah aca orale 40 42 19 
10.00 |Hudson river, midstream, opposite 
Pier AC. Netter omen aie eee 19 
10.05 |Hudson river, midstream, opposite 
Picea Se Aycan seer cere aes 42 19 
10.45 |Robbins Reef, at bell buoy........... 40 39 15 
10.50 |Robbins Reef, at bell buoy........... 40 39 15 
11.00 |Robbins Reef, at bell buoy...........|40 39 15 
11.30 |Kill van Kull, midstream, off Sailors 
Snug Harbor sas aur aie ees ooo 40 38 50 
11.35 |Kill van Kull, midstream, off Sailors 
Snug Harber sv 2 acs eee re ene 40 38 50 
11.40 |Kill van Kull, midstream, off Sailors 
Snip arora ay leach ee eee 40 38 50 
PM. 
12.15 |Narrows, midstream, between forts. ../40 36 25 
12.25 |Narrows, midstream, between forts. ../40 36 25 
12.30 |Narrows, midstream, between forts. ..|40 36 25 
1.40 |East river, midstream, at Brooklyn 
Bridge)t. goes teas te oe oe ee 40 42 20 
1.45 |East river, midstream, at Brooklyn 
Bridger tread. cc co tec aera 40 42 20 
1.55 |East river, midstream, at Brooklyn 
IBrid@et ese o aco net me oe ae 40 42 20 
2.15 |Hudson river, midstream, opposite 
Pier Uk oo . B, oe caine te eee ave 4 19 
2.20 |Hudson river, midstream, opposite 
PiGPJA Secs} Soy e meh Cavate sick 40 42 19 
2.30 |Hudson river, midstream, opposite 
Plerga cccgtteccraeetioe Sadat irae 40 42 19 
2.55 |Robbins Reef, near bell buoy......... 40 39 15 
3.00 |Robbins Reef, near bell buoy......... 40 39 15 
3.10 |Robbins Reef, near bell buoy......... 40 39 15 
3.35 |Kill van Kull, midstream, opposite 
Sailors Snug Harbor............... 40 38 50 
3.45 |Kaill van Kull, midstream, opposite 
Sallorswonl pH arborea ener eee 40 38 50 
3.50 |Kall van Kull, midstream, opposite 
Sailors snug Harbors. saa) eee 40 38 50 
4.25 |Narrows, midstream, between forts. ..|40 36 25 
4.30 |Narrows, midstream, between forts. ..|40 36 25 
4.35 |Narrows, midstream, between forts...|40 36 25 


74 02 48 
74 02 48 








Oxygen 
Per 
cent. 
er 
: satura- 
litre san 
1.90 33} 
2.70 49 
2.30 40 
2.80 50 
4.00 71 
4.20 74 
4.18 73 
2.70 47 
3.20 56 
3.12 55 
4.60 82 
4.90 88 
6.12 90 
2.00 35 
2.00 35 
1.99 35 
3.20 57 
3.40 60 
3.08 62 
3.60 64 
3.70 66 
4.10 73 
Sal 54 
3.30 58 
3.00 61 
3.40 60 
3.60 64 
3.60 60 
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TABLE CXXVI 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1913 
Averages for various parts of the harbor 


Data for this table are contained in Table CX XV. 





Location 


Upper Payici sews 


Hudson river, below 
Spuyten Duyvil.. 


Hudson river, above 
Spuyten Duyvil. . 
East river, below 
Hell Gate........ 


East river, above 

Hell Gate........ 
Harlem river....... 
Kill van Kull....... 


The Narrows....... 


Gowanus canal..... 
Newtown creek..... 
Wallabout canal... . 


Number 
of 
analyses 


65 


171 


84 
260 


153 
110 


Averages: 


per litre 


4.21 


4.65 
2.53 


.80 
.85 





Averages: 
per cent. 
saturation 


54 








Samples included in the averages 


317-318, 327-328, 337-338, 347-348, 391-393, 406-408, 418-420, 433- 
435, 796-822, 1273-1275, 1288-1290, 1312-1314, 1827-1329, 1345- 
1347, 1360-1362. 


315-316, 325-326, 335-336, 349-350, 354, 366-371, 379-384, 394-396, 
409-411, 415-417, 430-432, 706-795, 1087-1116, 1270-1272, 1285- 
1287, 1309-1311, 1324-1326, 1342-1344, 1357-1359. 


1003-1086. 


313-314, 323-324, 333-334, 351-352, 355, 358-365, 377-378, 397-399, 
412-414, 427-429, 443-537, 613-636, 1117-1206, 1267-1269, 1282- 
1284, 1299, 1302-1308, 13821-1323, 13839-1341, 1354-1356, (442 too 
near sewer, not included). 


643-705, 895-984. 

353, 637-642, 985-1002, 1297-1298. 

319-320, 329-330, 339-340, 345-346, 388-390, 403-405, 421-423, 436-— 
438, 823-894, 1276-1278, 1291-1293, 1815-1317, 1330-1332, 1348- 
1350, 1363-1365. 


173 


bo Go bo 


.80 
.68 


321-322, 331-332, 341-344, 385-387, 400-402, 424-426, 439-441, 538- 
612, 1207-1266, 1279-1281, 1294-1296, 1318-1321, 1333-1335, 1351- 
1353, 1366-1368. 

356-357. 

374-376. 

372-3749, 
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702 DATA RELATING TO THE PROTECTION OF THE HARBOR 


TABLE CXXVIII 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1913 
Averages of samples taken on Ebb and Flood Currents for various parts of the harbor 


Data for this table are contained in Table CX XV. 

















Currents 
Ebb Currents Flood Currents 

E : . 
Location oe 58 S 3.2 
a S(O Sis a BIO O| Se 
© S| 821 82 ° 5) g8| 35 

ae ep 5 oe Samples included in the averages ae 2 oe Samples included in the averages 
ak E28 
<a 5 <x 5) 

Upper bay.......... 34 |4.51] 75 |327-328, 337-338, 406-408, 433-435,| 31 |3.89| 63 |317-318, 347-348, 391-393, 418-420, 
811-822, 1288-1290, 1312-1314, 796-810, 1273-1275, 1327-1329. 


1845-1347, 1360-1362. 
Hudson river, below 
Spuyten Duyvil...|109 [3.55] 59 |825-326, 335-336, 366-371, 379-384,| 62 |2.92] 48 |3815-316, 349-350, 354, 394-396, 415- 


409-411, 745-795, 1087-1116, 1285- 417, 430-432, 706-744, 1270-1272, 
1287, 13809-1311, 1357-1359. 1324-1326, 1342-1344. 
Hudson river, above 
Spuyten Duyvil...| 30 {4.15} 72 |1018-1047. 54 |4.93] 85 |1003-1017, 1048-1086. 
East river, below Hell j 
Gates: sae ane 129 |2.69| 45 |823-324, 333-334, 355, 360-365, 377-/131 |2.38] 40 |3138-314, 351-352, 358-359, 397-399, 
378, 451-480, 529-537, 613-636, 412-414, 427-429, 443-450, 481- 
1132-1173, 1282-1284, 1299, 1805- 528, 1117-1131, 1174-1206, 1267- 
1308, 13854-1356. Lae 1302-1304, 1821-1323, 1339- 
1341. 
East river, above Hell 
Gatecee ec cee 72 13.97] 70 |679-705, 895-939. 81 |3.64| 64 |643-678, 940-984. 
Harlem river........ 26 |1.56] 28 |637-642, 985-1002, 1297-1298. 1 {5.40} 68 |353. 
Kill van Kalle 64 |3.82] 66 |829-330, 339-340, 403-405, 436-488,| 46 [3.89] 66 |319-320, 345-346, 388-390, 421-423, 
823-828, 859-894, 1291-1293, 1330- 829-858, 1276-1278, 1315-1317. 
1332, 13848-1350, 1363-1365. 
The Narrows........ 91 |4.33] 77 |331-832, 341-342, 400-402, 439-441,| 82 [3.85] 68 |821-322, 348-344, 385-387, 424-426, 
538-579, 1237-1266, 1279-1281, 580-612, 1207-1236, 1279-1281, 
1333-1335, 13851-1353. 1318-1320, 1366-1368. 
Gowanus canal...... 2 |4.80] 63 1856-357. — | — | — |No flood samples. 
Newtown creek...... 3 {1.40} 18 |374-376. — | — | — |No flood samples. 
Wallabout canal..... 2 |4.68] 61 |372-373. — | — | — |No flood samples. 




















DISSOLVED OXYGEN IN THE WATER 703 
TABLE CXXIX 
Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1913 
Summary of Tables CX XVI, CX XVII and CX XVIII 
Data for this table are contained in Table CXXV. 
Depths Currents 
All Depths 
and Tides 
Surface Mid-depth Bottom Ebb Flood 
Location 0 BS 0 58 2 5S 0 5.5 o 5S 0 8 
we BJO ol Ble. BIO O| SSI. BIO Oo] SRL Blo of PSI. BO | SIL glo | OS 
< | $5| $8] ° Bl g5| S32) 5 Fl gz] 881° FS) el 85/5 Fl ee 3 8) o S) ge) 8s 
Sal Su| PS) oa| Se] Pl oa] Se] Pal Soa] Sel PSl Sal Se] PRI oa) S| PS 
ee aks eee ai eee i ae i 
A BE ON Bea ace) i i Paced a Pc 
Wepre ad ey kk oe oo sce s 65 |4.21| 70 | 23 [4.09] 66 | 19 |3.93] 69 | 23 |4.57| 74 | 34 [4.51] 75 | 31 [3.89] 63 
Hudson river, below Spuyten Duyvill171 |3.33] 54 | 63 |3.56| 57 | 52 [3.10] 53 | 56 |3.27| 54 [109 |3.55] 59 | 62 [2.92] 48 
Hudson river, above Spuyten Duyvil| 84 |4.65) 81 | 28 |4.80} 83 | 28 |4.57| 79 | 28 |4.59} 80 | 30 |4.15] 72 | 54 [4.93] 85 
Fast river, below Hell Gate........ 260 |2.53} 43 | 93 |2.70| 43 | 84 12.26) 40 | 83 |2.62) 46 [129 |2.69] 45 |131 |2.38] 40 
East river, above Hell Gate........ 153 {3.80} 67 | 51 |3.64| 64 | 51 |8.76] 67 | 51 [8.98] 70 | 72 |3.97| 70 | 81 |3.64| 64 
Parlors erver. ori fee os ine hs wre’ 27 {1.70} 29 | 10 |1.80} 29 8 |1.56] 28 9 |1.71] 31 | 26 |1.56} 28 1 15.40] 68 
US Te EE eS 110 |3.85] 66 | 38 |3.89] 65 |-34 |3.58] 64 | 38 |4.05] 68 | 64 |8.82] 66 | 46 |3.89) 66 
Te PiastOWGe ee see is ese kes 173 |4.10] 73 | 59 |3.95| 69 | 55 oe 71 | 59 |4.43) 78 | 91 [4.33] 77 | 82 13.85] 68 
oO 
3 No |deep J Nio flojod 
Gowanus canal............ Daas Sg 2 |4.80] 638 | 2 [4.80] 63 | midedlepen | slamplles bo 4.80} 63 | slamplles. 
; No 
: No |deep J Nlo flolod 
Newtown creek...............000. 3 |1.40] 18 | 3 |1.40] 18 | ment slamplce? | }3 [1-40] 18 |{ Njo moe 
8 OND es. 
Oo 
. No |deep J Njo flojod 
Wallkbout caval-4...........:.-. 2 /4.68| 61 | 2 |4.68| 61 | safe ete he 4.68] 61|4 “omeltes. 


Number of samples included in the averages. 
No. 442 not used, being too near Manhattan sewer outlet at Brooklyn Bridge. 
Nos. 1800-1301 not used, because aerated before analysis. 
Rita not used, as they apply to harbor water in general, and to no particular 
ocality. 
Total analyses during 1913, Nos. 313-1368. 
Series for 1913 begins with sample No. 313. 
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INTRODUCTION TO TABLE CXXX 


In the year 1913, the same attention was given to the collection of samples in cross- 
sections of the main tidal channels in different parts of the harbor as characterized the 
work in 1911. The method of collecting samples in cross-sections was the same as that 
followed in 1911, and described in the introduction to Table XX VIII, Report of Metro- 
politan Sewerage Commission, 1912, pages 415-416. 

Table CX XX contains a summary of averages of the oxygen found at various cross- 


sections in the year 1913, on the ebb currents, the flood currents, and without regard to 
current direction. 


Data for this table are contained in Table CXXV. 
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TABLE CXXX 


Average Volume and Percentage of Saturation of Dissolved Oxygen in the Water in the Year 1913 
Averages of Samples taken in the Cross-sections of the Tidal Channels 











Dissolved Oxygen 


Number Dat Samples 
Location Both Currents Ebb Current Flood Current of 1913 included in 
Samples the averages 
C. C. Per| Per Cent. |C. C. Per} Per Cent |C. C. Per| Per Cent 
Litre |Saturation| Litre |Saturation| Litre | Saturation 
Hudson river, at Mt. 
St. Vincent....... 4.58 80 4.15 72 5.01 87 75 |July 16/1003-1077. 
Hudson river, at the 
TAOULE Ss Aas avers 2.68 48 3.08 55 2.28 41 90 |July 9/706-795. 
Kast river, at 
Throggs Neck....}| 4.53 80 4.68 82 4.38 72 90 |July 14/895-984. 
East river, at Law- 
rence Point...... 2.76 49 2.79 49 2.42 48 63 July 8/643-705. 
East river, at the 
THOUGH 205 @ oe'z bos 2.21 40 2.43 44 1.98 36 87 |July 2/451-537. 
2:32 42 2251 45 2.14 38 90 |July 18)1117-1206. 
2.26 41 2.47 44 2.06 37 177 
Kill van Kull, at 
Sailors Snug Har- 
Doriiee cs. darc uh. 3.61 65 3.64 66 3.58 65 72 ~=|July 11/823-894. 
The Narrows, at the 
Pottheseucve ase. 5 3.63 67 3.68 68 3.58 65 75 =|July 3/538-612. 
4.14 77 4.60 84 3.69 70 60 |July 24/1207-1266. 
3.88 72 4.14 76 3.64 67 135 
Upper bay, in vicin- 
ity of Robbins 
Reh Semis yes x. 3.78 68 4.42 80 3.13 56 27 = |July 10/796-822. 

















Plate C 


Percentage of Saturation of 
Dissolved Oxysen 
in the Water of New York Harbor 
in 1913 
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/ Plate D 


Percentage of Saturation of 
Dissolved Oxyéen 
in the Water of New York Harbor 
June 11th to July 25th, 1913 


12 \ 
ae 
Ww F 





VIS 


wee 
a ne" 
LF SS SS SS ee os 
Nn H 





S 


qd 


rb 


ee 
aug 7240. 


x 
$&e 


AVG 
AYBMOg | 


so mr nH a 





w3. 


LAA 


! 


Y 


HK WIV IS 





AYV@ 


Cc 
NI oazAyu9 


‘Udye} BJM Sojdwes uayM 

jUalIND JO Uol}Ia1IP MOYS SMOJIY 
"U01}290| YORd Je Udye} 

sejdwes jo suaquinu ee sounsy jews 
"U01}290| YORE je UAYe} 

Sojdwies |je Jo SosBJOAR Oe SOINSY Bie] 

uoljeueydxy 
S16) “YG? Aine 03 “yay euny 
ylO, MAW JO UOISSIUiWOy adeIEMaS URLOdOI}91y 
84} Aq poulwejeq 


JOGIeH 410) MON JO J9O}e AA OU} Ut 
uashXQ paajossig 
jo uoneinyes jo esejuad, od 





V0 


er Fae 


eRe amartatS aditce : 


| 


ee oe 


a 


at ak ee ee ee 





eRe a em Qt Me 


4 
j 
5 


Mt O12 Aa 


tinsel... 


ear etaic _———s 


Sas, 


fen eB aR sidiaiid 


ah eee oe . Sarin 


Lia al ee 7% - a ) aoa 





e.% 


DISSOLVED OXYGEN IN THE WATER 707 


- INTRODUCTION TO OXYGEN DIAGRAMS 


From the data contained in Table CX XV curves have been drawn to show the varia- 
tions in oxygen which occurred in one tidal cycle in the cross-sections of the Narrows, 
the Hudson river at the mouth and at Mt. St. Vincent, and the East river at the mouth 
and at Throgs Neck, in the year 1913, after the same manner as shown for the year 
1911, Report of Metropolitan Sewerage Commission, 1912, pages 447-457 

Two groups of curves have been drawn for each section. In one the ordinates 
represent the percentages of saturation of dissolved oxygen in the water and the per- 
centages of sea-water, and the abscisse the hours of the day. Times of ebb and flood 
currents are indicated on the curves. Curves have been drawn for each of the three or 
five locations at which samples were collected in the cross-section, the heavy lines 
representing percentages of saturation of dissolved oxygen, and the light lines percent- 
ages of sea-water. 

The second set of curves has been drawn to show the variations in dissolved 
oxygen and percentage of sea-water at each cross-section, as determined by each set of 


samples. These curves approximately indicate lines of equal oxygen and sea-water. 
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FIG. 46 


Percentage of Saturation of Dissolved Oxygen in Heavy Lines, 


and Percentage of Sea 


Water in Light Lines, in a Cross-Section of the Narrows from Fort Wadsworth to Fort Lafay- 


1913. The Total Number of Samples included is 


75. The Results of Analysis are indicated by Small Circles, Triangles and Squares. 


ette at Various Stages of Tide, July 3, 


Percent of Saturation of Dissolved Oxygen. 


DISSOLVED OXYGEN IN THE WATER 709 


Pre eo: Ki NAM IO momieMzes 5. 4... Se 


100 
90 
80 


10 


re 
uw. 
Oo 
so: 
Li 
O 
io) 
CN 


60 


Fort Wadsworth 


30 


FIG. 46—Continued 


COMPARISON OF THE CURVES OF DATA FOR THE NARROWS IN 1911 AND 1913. 


On comparing the curves made from data collected at the Narrows in 1911 and 
1918, various interesting points of similarity and difference are observable. See the 
following diagrams in this report and Oxygen Diagrams II in Part III, Chapter III, 
p. 448, of the Commission’s report of August, 1912. 

There was less similarity between the curves at the various stations and the cross- 
sections in 1913 than in 1911. 

The curve representing the oxygen at depths of 1 foot shows that a greater range 
of oxygen values existed in 1918 than in 1911, and there was less agreement with the 
curves at the other depths in 1913. 

The curves representing the conditions at mid-depth and bottom were not as nearly 
identical in 1913 ag they were in 1911. In 1913 the changes were more abrupt than 
in 1911 and not simultaneous at different stations and at different depths. 

In both years there was a similar drop in the percentage of oxygen on the ebb cur- 
rent, but in 1913 it was greater in amount, more abrupt and did not follow the change 
of current from flood to ebb as closely as it did in 1911. 
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Ft. Wadsworth. Ft. Lafayette. Ft. Wadsworth. Ft. Lafayette 





7°40 — 8:45 A.M. 210 —1:05 P.M. 
(15 Samples, Nos. 538-552) (IS Samples, Nos. 568-582.) 
Stack Water - End of Flood .Current. 4 Hours After Beginning of Ebb Current. 





9:52-10:55 A.M. 2:25- 3:40 P.M. 
(1S Samples. Nos. 553- 567.) (1S Samples, Nos. 583-597) 
e Hours After Beginning of Ebb Current Beginning of Flood Current. 


Ft.Wadsworth Ft Lafayette 


Ee 
Tec Pe eer - ergs ee 
rere irarerers Roe Soe 


Vertical Scale. Horizontal Scale. 





4:40-5:55 P.M. 
(iS Samples, Nos. 598-612.) 
2s Hours After Beginning of Flood Current. 


FIG. 47 


Cross-Section of the Narrows from Fort Wadsworth to Fort Lafayette, showing Percentage of Saturation 
of Dissolved Oxygen in Full Lines and Percentage of Sea Water in Broken Lines, at Various Stages of Tide, 
July 3, 1913. The Total Number of Samples included is 75. Sampling Points are indicated by Small Circles. 
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‘FIG. 48 
Percentage of Saturation of Dissolved Oxygen in Heavy Lines, and Percentage of Sea Water in 
Light Lines, in a Cross-Section of the Mouth of the Hudson River, from Pier A, Manhattan, to C. R.R. 


of N. J. Terminal, Jersey City, at Various Stages of Tide, July 9, 1913. 


The Total Number of 


Triangles and 


Samples included is 90. The Results of Analysis are indicated by Small Circles, 


Squares. 


Percent of Saturation of Dissolved Oxygen. 
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FIG. 48—Continued 


COMPARISON OF THE CURVES FOR THE MOUTH OF THE HUDSON IN 1911 AND 1913. 


Comparing the foregoing curves with those recorded for the same section in 1911, 
the following deductions can be made. The 1911 curves can be found in the report of 
this Commission, dated August, 1912, Part III, Chapter ITI, p. 450. 

The curves of the 1918 observations are more irregular, show more abrupt changes 
and cover a wider range of values than those of 1911. , 

The general trend of the 1-foot depth curve is followed by the mid-depth and bot- 
tom curves, though not so closely as in 1911. 

In 1913 there was the same rise of oxygen values toward the end of the flood as 
in 1911, but it was more abrupt and did not, ag a rule, reach a maximum until after 
the turn of the current to ebb. 

The decrease in oxygen values, which, in the 1911 curves, commenced with the 
Slack before ebb and gradually continued, was abrupt in 1913 and delayed until about 
the strength of the ebb current. . 


Sea Water. 
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FIG. 50 


Percentage of Saturation of Dissolved Oxygen in Heavy Lines, and Percentage of Sea Water 
in Light Lines, in a Cross-Section of the Mouth of the East River from Pier 10, Manhattan, to 
Pier 10, Brooklyn, at Various Stages of Tide, July 2, 1913. The Total Number of Samples included 
is 90. The Results of Analysis are indicated by Small Circles, Triangles and Squares. 
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FIG. 50—Continued 


COMPARISON OF THE CURVES FOR THE MOUTH OF THE East RIveERr IN 1911 Anp 1913 


On comparing the curves published in the Commission’s 1912 report, Part III, 
Chapter III, p. 452, with the foregoing curves for the same section, the following 
points become apparent. 

The range of oxygen values in 1911 was scarcely 10 per cent., whereas in 1913 it 
was nearly 50 per cent. of the saturation value. | 

In 1911 the curves were regular, showing a uniform rise during the flood current 
and a decrease in oxygen, though less gradual, throughout the ebb. In 1913 there was 
a decrease in oxygen, though much more rapid and less concordant at the different 
depths throughout the ebb current than in 1911. In 1913 the general tendency of the 
bottom and mid-depth curves on the flood current was to rise, while the surface curve 


rose rapidly to a maximum and fell off again. 
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Manhattan. Brooklyn. Manhattan. Brooklyn. 
Pier 10 Pier 10 Pier 10 : Pier 10 





7:25 ~+8:30A.M 9:55-10:48 A.M. 
(1S Samples, Nos. 451- 465.) (1S Samples, Nos. 466- 480.) 
Slack Water - End of Flood Current. 2 Hours After Beginning of Ebb Current. 





12:30- 1:25 P.M. 2:40- 3:28 P.M. 
(1S Samples,Nos. 481- 495.) (1S Samples,Nos 496-510.) 
Stack Water- End of Ebb Current. 13 Hours After Beginning of Flood Current. 





4:55-5:31 P.M 6:20-7:10 PM 
(12 Samples,Nos Stt- 522.) (is Samples, Nos. 523-537.) 
33 Hours After Beginning of Flood Current. S Hours After Beginning of Flood Current 


0 50" 100" 
Vertical Scale 
0’ 00° 1000° 2000° 3000° 
Horizontal Scale. 
FIG. 51 


Cross-Section of the Mouth of the East River from Pier 10, Manhattan, to Pier 10, Brook- 
lyn, showing Percentage of Saturation of Dissolved Oxygen in Full Lines and Percentage 
of Sea Water in Broken Lines, at Various Stages of Tide, July 2, 1913. The Total Number 
of Samples included is 90. Sampling Points are indicated by Small Circles. 
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FIG. 52 
Percentage of Saturation of Dissolved Oxygen in Heavy Lines, and Percentage of Sea Water in Light 


in a Cross-Section of the Hudson River at Mt. St. Vincent, at Various Stages of Tide, July 16, 


1913. The Total Number of Samples included is 75. The Results of Analysis are indicated by Small 


- Lines, 
Circles, 


Triangles and Squares. 
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FIG. 52—Continued 


COMPARISON OF CURVES OF DATA FOR THE HUDSON RIVER AT MOUNT ST. VINCENT IN 
1911 AND 1918 


A number of points of interest became apparent on comparing the foregoing curves 
with those made from data collected in the same section in 1911. The 1911 curves can 
be found in the report of this Commission of August, 1912, Part III, Chapter III, p. 454. 


There was a greater range in the oxygen values in 19138 than in 1911. In 1911 
the oxygen values were usually larger at the greater depths, while in 1913 the reverse 
was generally the case. In both years the variation was greater and the changes more 
abrupt at the surface than at the bottom or mid-depth. | 

In both years there was a marked rise of oxygen on the ebb current, at all depths, 
probably showing that cleaner water came down from the Upper Hudson and more 


polluted water came up from the City of New York to the point where the oxygen 
determinations were made. _ 
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New Jersey. Mt.St.Vincert New Jersey Mt. St. Vincent. 
New York New York. 
JS 7 a ee es ae EEO . 
‘ oa 65 3 ee 9 Pas 
Ww i. et E: WwW e 
LE 
6:50 — 8:00 A.M. ‘ W:45-12:40 PM 
(1S. Samples, Nos. 1003-1017.) (15. Samples, Nos. 1033-1047.) 
2 Hours Before End of Flood Current. 23 Hours After Beginning of Ebb Current. 





9:20- 10:17 A.M t:S5- 2:50PM. 
(iS Samptes,Nos. !018- 1032.) (IS Samples, Nos. 1048-1062) 
Slack Water - End of Flood Current. 4% Hours After Beginning of Ebb Current. 
New Jersey. Mt. St. Vincent. 





4:50-5:40 P.M. 
(15 Samples, Nos. 1063-1077.) 
Slack Water- End of Ebb Current. 


QO’ 50’ 100" roe {000° 2000 3000° 
er te (Herder bar ltr Bar se ed a Saal 
Vertical Scale. Horizontal Scale. 


FIG. 53 


Cross-Section of the Hudson River at Mt. St. Vincent, showing Percentage of Saturation of Dissolved Oxygen 
in Full Lines, and Percentage of Sea Water in Broken Lines, at Various Stages of Tide, July 16, 1913. The 
Total Number of Samples included is 75. Sampling Points are indicated by Small Circles. 
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FIG. 54 


Percentage of Saturation of Dissolved Oxygen in Heavy Lines, 
Water in Light Lines, in a Cross-Section of the East River from Throgs Neck to Cryders 


Point, at Various Stages of Tide, July 14, 1913. The Total Number of Samples included 
is 90. The Results of Analysis are indicated by Small Circles, Triangles and Squares. 
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Throgs Neck Cryders Pt/ Throgs Neck Cryders Pt. 
Bronx ; ° = 





V25 ~ 8:25 A.M. 2:35- 3:40 PM. 
(15 Samples,Nos 895 - 905.) (IS Samples, Nos. 940- 954) 
42 Hours Before End of Ebb Current. 3 Hours After Beginning of Flood Current. 





9:45-10:45 A.M. 4:45-5:35 PM. 
(1S Samples, Nos. 910- 924) (IS Samples, Nos. 955- 969.) 
@z Hours Before End of Ebb Current. 3z Hours After Beginning of Flood Current. 





2:25-1:27 PM, 6:10-6:55 P.M. 

(1S Samples, Nos. 925-939.) (iS Samples, Nos. 970- 984.) 
Slack Water- End of Ebb Current. Stack Water - End of Flood Current. 
0’ 50’ 100’ 0 1000’ 2000° 
Vertical Scale. Horizontal Scale. 

FIG. 55 


Cross Section of the East River from Throgs Neck to Willets Point, showing Percentage of Saturation of 
Dissolved Oxygen in Full Lines, and Percentage of Sea Water in Broken Lines, at Various Stages of Tide, 
July 14, 1913. The Total Number of Samples included is 90. Sampling Points are indicated by Small 
Circles. 
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SECTION IV 


CONSUMPTION OF DISSOLVED OXYGEN BY VARIOUS MIXTURES 
OF WATER, SEWAGE AND SLUDGE DURING INCUBATION 


Most of the experiments described in the following pages were made in order to de- 
termine how rapidly and to what extent the oxygen dissolved in sea water, land water 
and New York harbor water would be consumed during incubation for seven days at 


temperatures ranging from 65° F. to 80° F. 


In other cases sewage was added in order to measure the oxygen consuming power 


of the organic matter of sewage origin. 


SOURCES OF SAMPLES 


The sea water was collected off Sandy Hook and Far Rockaway, these points being 
selected in order that the samples might be free from pollution. 

The harbor water was taken from a number of typical points located in the East 
river, Hudson river midway between Pier A and the docks of the Central Railroad of 
New Jersey, in the Upper bay at Robbins Reef, in the Kill van Kull opposite the 
Sailors Snug harbor, and at the Narrows midway between Forts Lafayette and Wads- 
worth. 

The samples were collected near the surface and bottom on ebb and flood tides and 
at various seasons of the year. 

The land water samples were drawn from the public water supply of the City of 
New York. 

The sewage was taken from Delancey street at the corner of Pitt street. This 
location was chosen for sampling because the sewer drains a characteristic section of 
the thickly settled East Side of New York and because a weir constructed in the sewer 
at this point assisted the collector in getting representative samples. 

Ten samples of sea water, 186 samples of harbor water, 8 samples of land water, 


6 samples of sewage and one sample of harbor sludge were used in these inves- 


tigations. 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING SEA WATER 


In order to determine what loss of oxygen would occur on incubating sea water 


which was practically free from organic matter, a sample of the water was collected 


CONSUMPTION OF OXYGEN ON INCUBATION 723 
on September 3, 1912, from the ocean off Far Rockaway and incubated for seventeen 
days at a temperature averaging 70° F. The data obtained are given in Table CX XXI. 

TABLE CXXXI 


CONSUMPTION OF DISSOLVED OXYGEN BY CLEAN SEA WATER INCUBATED FOR 17 DAYS AT 
Room TEMPERATURE 








Dissolved Oxygen 


Date of | T Spenife (|) Datel C. C. per L 
ate o emp. pecific uring . C. per Litre 
Source of Sample Collection | Deg. C. | Gravity | Incubation Per 
Deg. C. After ean 
Initial Incubation Loss ost 
1912 
Ocean, off Far Rockaway....| Sept. 3 20.6 1023 21.1 5.60 5.40 0.20] 3.6 


The data given in Table CX XXI show that the unpolluted sea water lost only a 
trace of its dissolved oxygen during incubation for over two weeks at an average tem- 


perature of 70° F. 


CONSUMPTION OF DISSOLVED OXYGEN BY LOWER EAST RIVER WATER 


In order to determine what loss of dissolved oxygen would occur during incubation 
in the sewage-polluted water of the Lower East river, four samples were collected on 
August 21, 1918, between Hell Gate and Brooklyn Bridge and incubated for nine days 


at room temperature. The data obtained are contained in Table CXXXII. 


TABLE CXXXII 


CONSUMPTION OF DISSOLVED OXYGEN IN HARBOR WATER FROM THE LOWER EAST RIVER 
INCUBATED FOR 2, 7 AND 9 DAYS AT ROOM TEMPERATURE 











Dissolved Oxygen 
Aver. Temp. : 

Source of Sample Date of | Temp. | Specific During C. C. per Litre a er 
Collection | Deg. C.| Gravity | Incubation |}——M—_,—_ spel 

Deg. C. After Incubation for| Loss | jn 
Initial in | Qds. 

2 ds. | 7 ds. | 9 ds. 9 ds. 
East River at 1913 

Pe Gate, is.0.. 5s Aug. 23 | 21.7 1018.0 PAY: 5.60} 4.20 | 2.90 | 2.50 | 3.10 | 55 

Queensboro Bridge...| Aug. 23 | 23.9 1018.5 21.7 5.29] 4.74 | 3.16 | 2.76 | 2.53 | 48 

Williamsburg Bridge.| Aug. 23 | 23.3 1019.0 21.7 5.45) 4.67 | 3.20 | 2.30 | 3.15 | 58 

Brooklyn Bridge..... Aug. 23 | 23.3 1018.5 21.7 .29| 4.58 | 3.48 | 2.98 | 2.31 | 48 


eee 


Average 51 


— ee ————— ee —EoooaoaoaoaoooLEESSSaEaEaEaEaEaEaEaEaEaEaEaEaEaEaEaeaEaEaEaEaEaEEeEeE——— SSS 
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The data given in Table CX XXII show that the four samples of water collected 


from the East river on August 28, 1913, lost, on an average, 51 per cent. of their dis- 


solved oxygen on incubation for 9 days at room temperature. 


CONSUMPTION OF DISSOLVED OXYGEN BY WATER FROM VARIOUS POINTS IN THE HARBOR 


Nine sets of samples, collected near the surface and near the bottom on flow and 
ebb tides, were taken at various points in the harbor during 1912 and 1913 and tested 
at once for dissolved oxygen. 

Duplicate samples brought to the laboratory were incubated for 7 days at room 
temperature and then tested for dissolved oxygen. The data obtained are given in 
Tables CX XXIII to CXXXVII. 


TABLE CXXXIII 


DISSOLVED OXYGEN IN HARBOR WATER BEFORE AND AFTER INCUBATION—EAST RIVER AT 


BROOKLYN BripGb, MID-STREAM 





Surface Bottom 
Date C. C. per Litre of Water Current Date C. C. per Litre of Water Current 
As After As After 
Collected | Incubation Lost Collected | Incubation Lost 
1912 1912 
Apr. 3 6.71 3.92 2.97 Flood Apr. 3 6.71 3.78 2.79 Flood 
6.71 ona 3.24 Ebb 6.43 3.11 ones Ebb 
June 13 3.68 2.86 0.82 Flood June 13 3.68 2.55 iors Flood 
3.88 2.76 1.12 Ebb 3.88 2.86 1.02 | Ebb 
July 11 2.60 0.80 1.80 Flood July 11 2.60 0.80 1.80 Flood 
2.40 0.70 1.70 Ebb 2.40 2.40 0.70 Ebb 
July 24 2.80 1.00 1.80 Flood July 24 2.80 1.20 1.60 Flood 
2.50 0.60 1.90 Ebb 2.50 0.70 1.80 Ebb 
1913 1913 
Jan. 9 6.00 4.60 | 1.40 Flood Jan. 9 6.00 4.90 1.10 Flood 
5.60 4.80 0.80 Ebb 5.60 4.60 1.00 Ebb 
Feb. 18 5.60 3.10 2.50 Flood Feb. 18 5.60 3.00 2.40 Flood 
5.40 2.00 3.40 Ebb 5.40 3.00 2.40 Ebb 
June 11 4.83 1.80 3.03 Flood June 11 5.08 2.83 2120 Flood 
2.49 0.00 2.49 Ebb 2.51 0.00 2.51 Ebb 
July 25 2.60 0.70 1.90 Flood July 25 2.45 1.35 1.10 Flood 
1.20 0.77 0.43 Ebb 1.35 0.33 1.02 Ebb 
Sept. 19 2.30 1.58 0.72 Flood Sept. 19 1.90 1.89 0.01 Flood 
2.00 0.40 1.60 Ebb 1.99 1.39 0.60 Ebb 
Average] 3.85 1.99 1.86 Average} 3.83 2.26 1.58 
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TABLE CXXXIV 


DISSOLVED OXYGEN IN HARBOR WATER BEFORE AND AFTER INCUBATION—HUDSON RIVER, 
MID-STREAM, Pipr A 

















Surface Bottom 
ue i f ior +4, 
Date C. C. per Litre of Water ae Das C. C. per Litre of Water fag i aah 
As After As After 
Collected | Incubation Lost Collected | Incubation Lost 
1912 1912 
Apr. 3 7.43 4.46 2.97 Flood Apr. 3 6.80 4.32 2.48 Flood 
7.50 3.89 3.68 Ebb 7.50 3.78 3.79 Ebb 
June 13 4.19 3.16 1.03 Flood June 13 4.19 2.86 tess Flood 
4.49 3.16 1.33 Ebb 4.39 See 1h Ebb 
July 11 3.00 0.80 2.20 Flood July 11 —— —— —— Flood 
2.90 1.10 1.80 Ebb 2.80 0.60 1.20 Ebb 
July 24 3.70 2.00 1.70 Flood July 24 Bie tL 210 1.60 Flood 
3.10 2.00 1.10 Ebb 3.00 2.10 0.90 Ebb 
1913 1913 
Jan. 9 6.20 5.00 1.20 Flood Jan. 9 6.20 5.10 1.10 Flood 
5.70 4.40 1.30 Ebb 5.70 5.10 0.60 Ebb 
Feb. 18 5.80 4.00 1.80 Flood Feb. 18 5.90 4.00 1.90 Flood 
5.80 4.00 1.80 Ebb 5.80 3.40 2.40 Ebb 
June 11 4.11 2.08 2.03 Flood June 11 4.72 2.09 2S Flood 
aid 1.85 1.92 Ebb 3.97 1.80 lig Ebb 
July 25 2.88 1.38 1.50 Flood July 25 2.51 1.05 1.46 Flood 
2a) ih se 1.44 Ebb PR tee 0.49 1.05 Ebb 
Sept. 19 2.70 0.66 2.04 Flood Sept. 19 2.80 tot 1.49 Flood 
3.20 2 0.41 Ebb 3.51 1.60 1.91 Ebb 
Averagel 4.35 1.74 Average| 4.44 2.64 it 











TABLE CXXXV 


DISSOLVED OXYGEN IN HARBOR WATER BEFORE AND AFTER INCUBATION—ROBBINS REEF, 
NEAR BELL Buoy 


Surface Bottom 
A % = 5 1 
Preis C. C. per Litre of Water Gast Date C. C. per Litre of Water ey 
As After As After 
Collected | Incubation Lost Collected | Incubation Lost 
1912 1912 
Apr. 3 7.28 4.17 3.11 Flood Apr. 3 7.00 4.60 2.40 Flood 
7.28 Stoo 3.95 Ebb 6.86 3.24 3.62 Ebb 
June 13 4.29 3.16 1.13 Flood June 13 4.29 Bh Parl 1.02 Flood 
4.19 orod 0.82 Ebb 4.19 Seon 0.92 Ebb 
July 11 3.50 1.00 2.50 Flood July 11 3.50 1.00 2.50 Flood 
3.00 0.70 2.30 Ebb So0 0.80 2.30 Ebb 
July 24 3.60 2.60 1.00 Flood July 24 3.70 2.60 1.10 Flood 
2.90 2.00 0.90 Ebb 2.90 2.20 0.70 Ebb 
1913 1913 
Jan. 9 6.30 4.90 1.40 Flood Jan. 9 5.40 5.30 LO Flood 
6.00 4.80 1.20 Ebb 6.00 5.00 1.00 Ebb 
Feb. 18 6.20 4.00 2.20 Flood Feb. 18 6.20 4.00 2.20 Flood 
5.90 3.30 2.60 Ebb ~ 6.00 3.40 2.60 Ebb 
June 11 5.26 2.63 2.63 Flood June 11 5.83 3.94 1.89 Flood 
4.37 1.88 2.49 Ebb 5.58 1.25 4h OR Ebb 
July 25 3.80 Qnot 1.43 Flood July 25 4.35 2.76 1.59 Flood 
2.18 1.65 0.45 Ebb 2.86 1.25 1.61 Ebb 
Sept. 19 4.00 3.22 0.78 Flood Sept. 19 4.18 2.80 0.38 Flood 
3.60 : 0.19 Ebb 4.10 3.97 0.13 Ebb 
Average Average| 4.78 3.03 1.68 
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TABLE CXXXVI 


DISSOLVED OXYGEN IN HARBOR WATER BEFORE AND AFTER INCUBATION—KILL VAN 
KULL, MID-STREAM, SAILORS SNUG HARBOR 


Surface Bottom 


C. C. per Litre of Water 


C. C. per Litre of Water 








Date Current Date Current 
As After As After 
Collected | Incubation Lost Collected | Incubation Lost 
1912 1912 
Apr. 3 7.00 4.44 2.56 Flood Apr. 3 6.86 - 4.60 2.26 Flood 
7.28 4.31 2.97 Ebb 7.00 4.06 2.94 Ebb 
June 13 4.39 2.96 1.43 Flood June 13 4.39 3.06 1.33 Flood 
4,29 3.27 1.02 Ebb 4.29 3.37 0.92 Ebb 
July 11 3.20 1.00 2.20 Flood July 11 3.20 0.90 2.30 Flood 
3.10 0.80 2.30 Ebb 3.10 0.80 2.30 Ebb 
July 24 3.80 2.50 1.30 Flood July 24 3.80 2.60 1.20 Flood 
3.40 2.60 0.80 Ebb 3.30 2.60 0.70 Ebb 
1913 1913 
Jan, 9 6.10 4.90 1.20 Flood Jan. 9 6.20 4.60 1.60 Flood 
6.00 4.60 1.40 Ebb 6.00 5.00 1.00 Ebb 
Feb. 18 6.20 3.60 2.60 Flood Feb. 18 6.30 4.20 2.10 Flood 
5.80 3.40 2.40 Ebb 5.80 3.00 2.80 Ebb 
June 11 4.39 2.37 1.92 Flood June 11 3.92 2.33 1.59 Flood 
4.61 2.92 1.69 Ebb 4.33 3.56 0.77 Ebb 
July 25 3.60 1.30 2.30 Flood July 25 3.25 1.02 2.23 Flood 
2.80 1.18 1.62 Ebb 3.65 2.18 1.47 Ebb 
Sept. 19 2.70 2.09 0.61 Flood Sept. 19 3.12 1.42 1.70 | Flood 
3.10 1.30 1.80 Ebb 3.50 1.69 1.81 Ebb 
Averagel 4.52 2.75 1.79 Averagel 4.56 2.83 1.72 


TABLE CXXXVII 


DISSOLVED OXYGEN IN HARBOR WATER BEFORE AND AFTER INCUBATION—NARROWS, MID- 
STREAM, BETWEEN ForTS LAFAYETTE AND WADSWORTH 


Surface Bottom 







C. C. per Litre of Water C. C. per Litre of Water 


Date Current Date Current 
As After As After 
Collected | Incubation Lost Collected | Incubation Lost 
1912 1912 
Apr. 3 7.71 4.86 2.85 Apr. 3 7.57 4.87 2.70 Flood 
1.43 4.17 3.26 7.14 4.06 3.08 Ebb 
June 13 4.80 3.58 1.22 June 13 4.90 3.68 1.22 Flood 
4.29 3.47 0.82 4.39 3.57 0.82 Ebb 
July 11 3.90 1.80 2.10 July 11 4.00 1.80 2.20 Flood 
3.20 1.00 2.20 3.30 1.00 2.20 Ebb 
July 24 3.90 2.40 1.50 July 24 4.00 2.60 1.40 Flood 
3.40 2.20 oe 2.40 1.00 Ebb 
1913 1913 
Jan. 9 6.80 5.10 Jan. 9 6. 5.40 1.40 Flood 
6.10 5.10 6. 5.00 1.10 Ebb 
Feb. 18 6.60 4.80 | Feb. 18 6. 4.80 1.90 Flood 
6.00 3.80 6. 4.00 , 2.20 Ebb 
June 11 4.11 2.79 June 11 4, 3.03 1.12 Flood 
5.66 3.36 6. 3.26 2.81 Ebb 
July 25 3.10 2.70 July 25 4, 2.86 2.19 Flood 
4.10 2.67 5. Sia. 1.54 Ebb 
Sept. 19 3.40 2.09 Sept. 19 3. 2.53 1.07 Flood 
4.60 4.57 5. 4.13 0.99 Ebb 
4.95 3.37 Averagel 5 3.48 1 
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DISSOLVED OXYGEN IN HARBOR WATER IN COLD AND IN WARM WEATHER 


Inspection of the records given in Tables CX XXIII to CX XXVII shows that the 
amount of oxygen dissolved in the harbor waters was much greater in winter than in 
summer. The figures given in the tables have been summarized for the purpose of illus- 
trating this fact and the data are given in Table CX XXVIII. 


TABLE CXXXVIII 


DISSOLVED OXYGEN IN HARBOR WATER IN COLD AND IN WARM WEATHER 


C. C. per Litre 
Source of Samples 


Jan., Feb., April June, July, Sept. 
Pe PI EN ie a a so aoa ENE Us wa hile oes 5.81 2.77 
ROPES E a ids ade) ens co sorsialond © 4b 4odiet® pale Loe ee 6.37 3.40 
BRONTE LUCENE tO ifr oes tie dec eba vole nee cesasets 6.79 3.87 
EE LET 3 eae ed a la a an 6.37 3.55 
Pence Mee a Fie ae Mae ee eee Slee bbe deces 6.59 4.19 
Patria ome eae tt ato ee tk Socee es oa bods 31.93 17.78 
Pe VERSUS PR Sari Ne this 4 Gio. sence s ue ah be 6.39 3.56 


——— 


The data given in Table CX XXVIII show that the harbor water contained 2.83 c.c. 
more dissolved oxygen on the average in winter than in summer. This may have been 
due partly to the fact that cold water is capable of holding more oxygen than warm 
water. For instance, harbor water saturated with dissolved oxygen at 40° IF. contains 
about 7.8 c.c., whereas harbor water saturated with dissolved oxygen at 72° F. contains 
only 5.4 c.c. 

The differences in volume of oxygen dissolved in samples of harbor water collected 
in winter and summer may have been due partly to the fact that bacterial fermentation, 
upon which the decomposition of the organic matter depends, proceeds more rapidly 
in warm weather, and for that reason the oxygen is withdrawn from the water more 
rapidly. 

Sewage, however, flows into the harbor at all seasons of the year and it is impor- 
tant to know whether, if digested, it will consume equal volumes of oxygen at all sea- 
sons. Data upon this point can be obtained by adding to the oxygen consumed by 
digestion in the river the dissolved oxygen consumed during incubation at room tem- 
perature. } 

The records of the volumes of oxygen dissolved in the 36 samples of harbor water, 
before and after incubation, which are printed in Tables CX XXIII to CXXXVII, 
have been averaged and are printed in Table CX X XIX, together with figures for the 
saturation, etc., in order to bring out the desired information. 
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TABLE CXXXIX 


VOLUME OF DISSOLVED OXYGEN CONSUMED DURING DIGESTION OF SEWAGE 


Period 
Jan., Feb., April June, July, Sept. 

Temperature, 2'5 42.05 doce eis vn ocd of tet. Ae et eee ee tee 40° F. 70° F. 
Per cent. Sea Watet.o2.. 0 Fic: cee ces ae eae ee er eee 70 102 
Dissolved Oxygen Required for Saturation................ 1.40 Ce, 5.50 c.c. 
Found by Analysis at Time of Collection................. 6.39 3.56 
Lost by Digestion in Harbor: s4.0..in 23% 2s a: sone 1.31 c.c. 1.94 e.c. 
Lost by Incubation for 7 Days at 70° F................... 2.18 c.c. 1.48 c.c. 

Total Loss During Digestion................ 3.49 c.c. 3.42 ¢.c, 











The actual volumes of oxygen consumed in the digestion of sewage in the harbor 
vary with changes of temperature and also with the volume absorbed by water from 
the air. 

Data given elsewhere in reports of the Commission show that the rate at 
which waters absorb oxygen from the atmosphere vary with the amounts of 
oxygen which the waters contain already, and also with temperature and pressure ac- 
cording to the physical laws which govern volumes of gases. But this latter factor, 
together with variations produced by such physical agents as tidal currents, winds, 
moving ships, etc., may be left out of the present discussion because the actual effects 
produced are unknown and operate at all seasons of the year. 

The data given in Table CX X XIX show that the volume of oxygen which the or- 
ganic matter carried by harbor water will consume during digestion in cold weather is 
3.49 c.c. per litre and in warm weather 3.42 c.c. Roughly speaking then, the volume 
of dissolved oxygen required for the digestion of sewage in the harbor water is approxi- 
mately the same at all seasons of the year. 

The data given in Tables CX XXIII to CXXXVII prove that the volumes of dis- 
solved oxygen consumed by harbor waters during various seasons of the year vary with 
the locality from which the samples are taken. This fact is brought out in the follow- 
ing table: 

TABLE CXL 


*VOLUMES AND PERCENTAGES OF DISSOLVED OXYGEN CONTAINED BY HARBOR WATER 
BEFORE AND AFTER INCUBATION 


Dissolved Oxygen 


Source of Sample C. C. per Litre Present Per Cent. Present 
Before After Loss Before || After Loss 
Incubation} Incubation Incubation] Incubation 

East river at Brooklyn Bridge............. 3.84 2.12 1.72 100 55.2 44.8 
Hudson river, off/Pier AL~2% 6 esas 4.39 2.65 1.75 100 60.3 39.7 
Robbins Reef, near Bell buoy............. 4.71 2.98 1.72 100 63.2 36.8 
Kill van Kull at Sailors Snug Harbor....... 4.55 2.79 1.75 100 61.4 38.6 
Narrows, between Forts.................. 5.04 3.42 1.62 100 67.3 32.7 


*Averages of 39 sets of determinations. 


CONSUMPTION OF OXYGEN ON INCUBATION 729 


The data given in Table CXL show that the samples of harbor water from all 
sources lost approximately equal volumes of dissolved oxygen during incubation. The 
samples from the East river, however, lost a larger percentage of the oxygen which 
they originally contained than samples from the Narrows. This fact indicates that 
the organic matter in the East river water was more unstable than that in the harbor 
water at the Narrows. 


DISSOLVED OXYGEN ON EBB AND FLOOD TIDES 


The data in Tables CX XXIII to CXX XVII have been arranged with reference to 
the volumes of dissolved oxygen contained by ebb and flood tides. The data are given 
in Table CXLI. 


TABLE CXLI 


DISSOLVED OXYGEN CONTAINED BY HARBOR WATERS ON EBB AND FLOOD TIDES 


Average Number of C. C. per Litre 





East River, Hudson River, Robbins Reef, Kill van Kull, Narrows, 
Brooklyn Bridge Pier A Bell Buoy Sailors Snug Harbor | between Forts 
Boprett. ees 3.57 4.36 4.50 4.47 5.09 
RAO ees. s dhe ees 4.11 4.24 4.93 4.62 5.00 


The data given in Table CXLI show that the amount of dissolved oxygen con- 
tained by the harbor water did not differ much on the ebb and flood tides. 


DISSOLVED OXYGEN IN SURFACE AND Borrom SAMPLES 


The data contained in Tables CX XXIII to CXXXVII have been arranged with 
regard to the location of the samples for the purpose of comparing the oxygen con- 
tained by water lying near the surface with that at the bottom. The data are given in 
Table CXLII. 


TABLE CXLII 


DISSOLVED OXYGEN CONTAINED BY HARBOR WATER COLLECTED ABOUT ONE FOOT BELOW 
THE SURFACE AND ONE Foot ABOVE THE BOTTOM 


Average Number of C. C. per Litre 





















East River, Hudson River, Robbins Reef, Kill van Kull, Narrows, 
Brooklyn Bridge ; Pier Bell Buoy Sailors Snug Harbor} between Forts 


| a | | | | 





4.57 
4.51 







Rid CaS Pe gee he 3.65 
Bottom.......... 3.82 
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The data given in this table show that there was not much difference between the 


amounts of oxygen contained by the surface and bottom samples. 


CONSUMPTION OF OXYGEN IN MIXTURES OF SEWAGE AND AERATED WATER DURING 
INCUBATION 


As the sewage uses up part of the oxygen contained by the water, it is important to 
know whether the solid or liquid portion of the organic matter consumes the greater 
volume of oxygen. To get information on this point mixtures of aerated harbor, land 
and sea water were made with various percentages of raw, settled and filtered sewage. 
The volumes of dissolved oxygen contained by the mixtures were determined at the 


time when the mixtures were made and after incubation for various periods. 


CONSUMPTION OF DISSOLVED OXYGEN IN MIXTURES OF HARBOR WATER WITH 20 PER CENT. 
OF RAW AND WITH 20 PER CENT. OF SETTLED SEWAGE 


Sewage collected from the Delancey street sewer was carried to the laboratory, 
shaken thoroughly and divided into two parts. One portion after thorough agitation 
was mixed with aerated harbor water drawn from the East river at Pier 4 and the other 
portion was allowed to settle for two hours to free it from coarser particles of sus- 
pended matter. The supernatant liquor, siphoned from the upper portion of the sample, 
was shaken thoroughly and mixed with aerated harbor water. In each case 20 per cent. 
of sewage liquor was added to 80 per cent. of harbor water. Tests were made for dis- 
solved oxygen at intervals. The data are given in Tables CXLIII, CXLIV and CXLV. 


TABLE CXLIIT 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES CONTAINING 20 PER 
CENT. RAW SEWAGE AND 20 PreR CENT. SETTLED SEWAGE WITH AERATED HARBOR 






WATER. 
Source of Dissolved Oxygen 
Aver. Raw Sewage Settled Sewage 
Date of Temp. 
Collection Deg. F.| _ After 
Sewage Harbor Water Standing C.c Per fe 
eae ent 
Tite 2 | of, |Satura- Satura- 
= tion i 
1913 Initial 
2 hours 
Oct.17 |Delancey street, } Kast river, Pier 70 4 hours 
corner Pitt... NOAM rea. ee 5 hours 
6 hours 
7 hours 
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TABLE CXLIV 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES oF 20 Per Cent. RAW 
SEWAGE AND 20 Prer CENT. SETTLED SEWAGE WITH AERATED HARBOR WATER 










Source of Dissolved Oxygen 



















Raw Sewage Settled Sewage 
Date of : 
Collection Deg. 
Sewage Harbor Water 
1913 MN ee hie | te pat re 
60 Initial 
| fine 
Oct. 21 |Delancey street, | |East river, Pier ae 
corner Pitt.. j } NOUS. t eee. ce 4 “ie 
61 10 hours 
60 12 hours 
TABLE CXLV 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES OF 20 PER CENT. RAW 
SEWAGE AND 20 PER CENT. SETTLED SEWAGE WITH AERATED HARBOR WATER 






Source of Dissolved Oxygen 
: Raw Sewage Settled Sewage 
Date of Aver. tei caake cies Sees sites 
Collection Temp. After 
Harbor Water | Deg. F. | Standing C.c Per Per C.c Per Per 
ee Fak ae oe Sere eee 
* fe) atura- | 7‘: fo) atura- 
Litre | thitiall tion | Me |tnitial| tion 
1913 


Initial | 5.68 | 100 90 5.93 | 100 95 


Oct. 23 |Delancey,near Pitt eet river, aa 61 ae eS pa ute ree 7 ne 
O. y 


feeeseeee 6 hours | 3.28] 57 | 54 |2.95| 49 48 
12hours| .05| 0.7] 0.6] 0.51] 10 8 


The data given in Tables CXLIII, CX LIV and CXLV show that the raw and set- 
tled sewage consumed all the oxygen in the harbor water within 12 hours, and that the 
raw sewage used up the dissolved oxygen more rapidly than did settled sewage during 
the first two hours. 


CONSUMPTION OF OXYGEN IN MIXTURES OF HARBOR WATER WITH 5 PER CENT. OF RAW 
AND 5 PER CENT. OF SETTLED SEWAGE 


The large amount of organic matter introduced when 20 per cent. of sewage was 
added to the harbor water exhausted the oxygen rapidly. As the proportion of sewage 
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to harbor water might not be as great as 20 per cent. in actual practice, tests were 


made using only 5 per cent. of sewage. The data obtained are given in Tables CXLVI 


and CXLVII. 


TABLE CXLVI 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES OF 5 PER CENT. RAW 


SEWAGE AND 5 Per CENT. SETTLED SEWAGE WITH AERATED HARBOR WATER 


Source of Dissolved Oxygen 
Aver. Raw Sewage Settled Sewage 
Date of Temp. 
Collection Deg. F.| After 

Sewage Harbor Water Standing C.c Per Per C.c 

* ~* | Cent. | Cent. es 

nee of |Satura-| 2° 

Litre |7_-,; . Litre 

Initial} tion 


— | | | | | | | | | 


1913 

| Initial | 6.42 | 100 109 6.21 
6 hours | 6.05 94 102 6.26 

| 21 hours | 0.22 3 5! 0.26 


Oct. 28 |Delancey street, } East river, poe 68 
24 hours | 0.05 0 0 0.00 


corner of Pitt. INOS AS one 











TABLE CXLVII 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES OF 5 PER CENT. RAW 


SEWAGE AND 5 Per CENT. SETTLED SEWAGE WITH AERATED HARBOR WATER 














Source of Dissolved Oxygen 
Aver. Raw Sewage Settled Sewage 
Date of Temp. 
Collection Deg. F.| After 
Sewage Harbor Water Standing C.c Per Per C.c Per Per 
per. ee pt sea ee eee 
1 0 atura-| y': Oo atura- 
Litre | Thitiall tion | Ete [Initial] tion 
1913 
Initial | 5.82 | 100 92 6.48 | 100 107 
6 hours | 4.56 78 75 5.24 80 85 
Oct. 30 |Delancey street, } East river, Pier } 70 12 hours | 1.63 | 28 27 3.17 | 48 51 
corner of Pitt. INOSAS agen 21 hours | 0.00 0 0 1.49 | 22 24 
24 hours | —— | —— | —— | 1.18] 18 19 
28 hours | —— | —— | —— | 0.57 9 9 





a eee 








The data given in Tables CXLVI and CXLVII show that in the presence of 5 per 
cent. of raw sewage the organic matter consumed all the oxygen in the harbor water in 


21 hours and that 5 per cent. of settled sewage consumed all the oxygen in about 28 hours. 
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CONSUMPTION IN MIXTURES OF LAND WATER WITH VARIOUS PERCENTAGES OF FILTERED 
SEWAGE 

Sewage collected from the Delancey street sewer was carried to the Laboratory and 

passed through coarse filter paper to remove all of the suspended matter. Various 

quantities of this filtered sewage were then mixed with aerated land water and tests 

made at intervals for dissolved oxygen. The data obtained are given in Table CXLVIII. 


TABLE CXLVIII 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES OF 20 PmR CENT., 10 PER 
CEN’T., 5 PER CENT. AND 3 PER CENT. OF FILTERED SEWAGE WITH AERATED LAND 











WATER. 
Aver. Dissolved Oxygen C. C. per Litre 
dedi Composition of Sample Temp. 
Deg. F. Initial After Standing 
1913 |Land Water, plus: 24 hours 5 days 
Jan. 23 20 per cent. Filtered Sewage................. 80 4.60 0.10 0.00 
Jan. 23 10 per cent. Filtered Sewage................. 80 5.10 0.30 0.00 
Jan. 23 5 per cent. Filtered Sewage................. 80 6.20 2.60 0.50 
Jan. 24 3 per cent. Filtered Sewage................. 80 5.80 4.80 1.70 


The data given in Table CXLVIII show that in the presence of 10 per cent. or more 
of filtered sewage practically all the oxygen disappeared in 24 hours. On the other 
hand, land water mixed with 5 per cent. of filtered sewage lost only 60 per cent. and 
3 per cent. of filtered sewage lost only 17 per cent. of dissolved oxygen in 24 hours. Al- 
most all the oxygen disappeared from the 5 per cent. mixture in five days, but the 3 per 
cent. mixture still contained about 30 per cent. of oxygen at the end of this period. 


CONSUMPTION IN MIXTURES OF SEA WATER WITH VARIOUS PERCENTAGES OF FILTERED 
SEWAGE 
Samples of the filtered sewage described in the preceding tables were mixed in 
various percentages with aerated sea water, collected off Sandy Hook, and tested for 
dissolved oxygen after different periods of incubation. The data obtained are given in 
Table CX LIX. 


TABLE CXLIX 


CONSUMPTION OF DISSOLVED OXYGEN ON INCUBATING MIXTURES OF 50 PER CENT., 20 PER 
CENT., 10 Per Cent., 5 Per CENT. AND 3 PER CENT. OF FILTERED SEWAGE WITH 
AERATED SEA WATER. 























Date of Aver. Dissolved Oxygen C. C. per Litre 
: Composition of Sample Temp. |. 
Collection Deg. F. Initial After Standing 

1913 (Sea Water, plus 24 hours 5 days 
Jan. 23 50 per cent. Filtered Sewage............+.--- 80 4.36 0.00 0.00 
Jan. 23 20 per cent. Filtered Sewage...............+. 80 4.00 0.10 0.00 
Jan. 23 10 per cent. Filtered Sewage...............-. 80 5.00 0.50 0.00 
Jan, 23 5 per cent. Filtered Sewage...............+- 80 5.80 2.40 0.60 
Jan, 23 3 per cent. Filtered Sewage................- 80 5.50 4.50 0.60 
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The data given in Table CXLIX show that practically all the oxygen disappeared 
within 24 hours in mixtures of 10 per cent. or more of filtered sewage and aerated sea 
water. A mixture of sea water with 5 per cent of filtered sewage lost 60 per cent., and 
a mixture of sea water with 3 per cent. of filtered sewage lost 18 per cent. of dissolved 


oxygen in 24 hours. By the end of 5 days the oxygen had nearly disappeared. 


CONSUMPTION IN MIXTURES OF FILTERED SEWAGE AND WATER CONTAINING VARIOUS 


INITIAL PERCENTAGES OF OXYGEN 


Owing to the fact that oxygen exists in varying amounts in the harbor water, mix- 
tures of land water, land and sea water, and sea water with filtered sewage were charged 
by aeration with oxygen to different percentages of saturation. 

The samples were incubated at about 80° F. and tested for oxygen at the start, 
after 24 hours and after 5 days. The data obtained are given in Tables CL, CLI and 
CLII. 


TABLE CL 


CONSUMPTION OF OXYGEN ON INCUBATING MIXTURES OF 20 PER CENT., 10 PER CENT., 5 
PER CENT. AND 8 PER CENT. OF FILTERED SEWAGE WITH AERATED LAND WATER CON- 


TAINING VARIOUS AMOUNTS OF OXYGEN. 


Dissolved Oxygen 
3 Aver. C. C. per Litre 
Composition of Sample Temp. 
Deg. F. 
Initial After Standing for 
24 hours 5 days 


Land Water, plus: 


4.60 0.10 0.00 

20 per cent. Filtered Sewage... .......02.cccccccevcscccs 80 1.60 0.10 0.00 
0.40 0.00 0.00 

5.10 0.30 0.00 

10 per cent. Filtered Sewage..............ccccceceeccecs 80 2.00 0.00 0.00 
0.80 0.00 0.00 

6.20 2. 0.50 

5 per cent. Filtered Sewage...............0ccecceceeces 80 4.90 0.70 0.00 
1.90 0. 0.00 

i 5.80 1.70 

3 per cent. Filtered Sewage.............eecceeecceeenes 80 3.90 2.40 0.30 
0.90 00 


/ 
i 
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TABLE CLI 


CONSUMPTION OF OXYGEN ON INCUBATING 10 PER CENT. OF FILTERED SEWAGE ADDED TO 
A Mixture or 60 PER CENT. SEA WATER WITH 40 PER CENT. of LAND WATER CON- 
TAINING VARIOUS AMOUNTS OF DISSOLVED OXYGEN. 

















Dissolved Oxygen 











Aver. C. C. per Litre 
Composition of Sample Temp. 
Deg. F. 
Initial After Standing for 
60 per cent. Sea Water, } ‘ae 
40 per cent. Land Water, { P'US: 6 hours 24 hours 
5.50 4.50 0.60 
RprePnOE ETE TE ECTEN SCWOEE «00. 0. 00,5 2 view dle no 00 0 0b Peels on 80 | 3.20 2.70 0.20 
1.50 0.90 0.20 
TABLE CULII 


CONSUMPTION OF OXYGEN ON INCUBATING MIXTURES OF 20 PER CENT., 10 PER CENT., 5 
Per CENT. AND 3 Purr CENT. OF FILTERED SEWAGE WITH AERATED Sea WATER CON- 
TAINING VARIOUS AMOUNTS OF OXYGEN. 


Dissolved Oxygen 


a Aver. C. C. per Litre 
Composition of Sample Temp. 
Deg. F. 
Initial After Standing for 
Sea Water, plus: 24 hours 
4.00 0.10 
20 per cent. Filtered Sewage............. 0.2: e eee c ences 80 2.40 0.00 
0.60 0.00 
, 5.00 0.50 
10 per cent. Filtered Sewage..............0c0cceceeceees 80 3.00 0.40 
1.60 0.40 
P 5.80 2.40 
D per cent. Filtered Sewage... 0.0 pee e recess ones 80 4.00 0.80 
1.90 0.40 
; 5.50 4.50 
3 per cent. Filtered Sewage............. 0.0 - cece eee eee 80 3.60 2.70 
1.30 0.80 











The data given in Tables CL, CLI and CLII show that when filtered sewage, 
mixed with land or sea water containing various amounts of oxygen, is incubated 
the loss of oxygen is proportionally much greater when the water contains the most 


oxygen. 


OXYGEN CONSUMED BY SLUDGE 
The beds of sludge formed in the harbor by deposits of suspended matter in sewage 
undergo fermentation and exhaust the oxygen from the overlying harbor water. In 
order to determine how rapidly the consumption of oxygen proceeds sludge, dredged 
from the slip at Pier 4, East river, on July 17, 1913, was placed in a bottle. 
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Aerated water, collected on the same day off South Ferry, was poured into the 
bottle, care being taken to disturb the sludge as little as possible. The sample was 
incubated for 24 hours at an average temperature of 75° F. and tested for oxygen. The 


data obtained are given in Table CLIII. 


TABLE CLIII 


CONSUMPTION OF OXYGEN BY HARBOR WATER DURING INCUBATION OVER SLUDGE DREDGED 
FRoM THE HARBOR BOTTOM 








Dissolved Oxygen 
Aver. _ C.C. per Litre 
Sample of Harbor Water Temp. 
Deg. F. 
Initial After Standing for 
24 hours 


Over.10 per cent; of Harbor Sludge. 0. ane ee sae ree 80 4.18 0.10 





The data given in Table CLIII show that the oxygen contained in the harbor water 


was exhausted by the harbor sludge in 24 hours. 


CONCLUSIONS 


The data presented in the preceding tables in regard to the changes which take 
place in harbor water during incubation show that the dissolved oxygen was always 
largely reduced. 

Samples collected in winter lose from 4 to 5 c.c. of oxygen, while in summer they 
lose only 1 or 2 c.c. This fact indicates that the low temperatures of winter retard the 
bacterial decomposition of sewage entering the harbor, thereby throwing an extra 
burden in summer upon the digestive capacity of the harbor water. This heavy burden 
is placed upon the water at a time when the available supply of dissolved oxygen is 
reduced on account of the prevailing high temperature of the water. 

Compounds containing nitrogen in the harbor water also undergo marked changes 
during incubation, albuminoid ammonia and nitrates decrease, whereas free ammonia 
and nitrites increase. This indicates clearly that the waters receiving sewage from the 
metropolitan district contain quantities of undigested organic matter. 

Unpolluted sea water loses very little oxygen during incubation and land water 
from the public water supply loses comparatively little. But when more than 10 per 
cent. of either raw or settled sewage is mixed with sea, harbor or land water and incu- 


bated, even though saturated with oxygen, all the oxygen will disappear in from 6 to 12 
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hours. Five per cent. of either raw or settled sewage exhausts the oxygen from aerated 
waters in from 20 to 24 hours, but 3 per cent. does not exhaust the oxygen for 5 days. 

Sewage from which the gross solids have been removed by sedimentation for two 
hours exhausts oxygen a little less rapidly than raw sewage during the first few hours 
of incubation. Either raw or settled sewage, however, makes a continuous drain for 
many hours upon the oxygen which is dissolved in harbor water. 

The volume of oxygen required to oxidize the sewage entering the harbor may be 
estimated from data obtained by incubating 5 per cent. of sewage in water collected 
from the East river when 6 c.c. of oxygen were consumed per litre, or 1,428 Ibs. per mil- 
lion gallons of raw sewage. Assuming that the metropolitan district will produce 
770,000,000 gallons of sewage a day in 1915, the data show that 527 tons of oxygen will 
be required to oxidize this sewage. 

Sludge dredged from the bottom of slips along the East river absorbed oxygen 
rapidly, especially when stirred up. Therefore when passing boats churn up the layers 
of sewage sludge deposited in slips or on the harbor bottom the fermenting organic 


matter exhausts the oxygen from a large volume of the surrounding water. 
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SECTION V 


THE ABSORPTION OF DISSOLVED OXYGEN BY LAND WATER AND 
SEA WATER AND MIXTURES THEREOF 


Samples of land water and sea water were boiled 30 minutes and siphoned while 
still boiling into wide-mouthed jars holding one quart each. These jars were 9 inches 
high and 31% inches in diameter and had mouths 184 inches in diameter. Each was 
fitted with a No. 10 rubber stopper with perforations through which glass tubing ex- 
tended. The boiling water was siphoned into each jar through a glass tube, and car- 
bonic acid was drawn in by contraction of the water as it cooled from a reservoir at- 
tached to the other tube. The CO, reservoir was protected from contamination with 
oxygen by connecting the inlet to a train of wash bottles charged with a mixture of 
caustic soda and pyrogalliec acid. 

When the jars were thoroughly cooled the stoppers were removed from all except 
one, and the contents exposed to the air. 

The water in the unopened jar was siphoned into a Soper oxygen testing bottle 
and analyzed to determine how much oxygen was contained by the water in the jars 
at the start. At intervals the contents of the open jars were siphoned into oxygen 
bottles and tested. 

The contents of the jars were not agitated during the period when the samples 


were absorbing oxygen. 
ABSORPTION BY LAND WATER 


The results obtained for land water are shown in Tables CLIV to CLVII, in- 


clusive: 


TABLE CLIV 


DISSOLVED OXYGEN ABSORBED BY LAND WATER 

















Dissolved Oxygen 
epeane Temp. 
it Deg. F. 
Beit ie C. C. per | Per Cent. | Gain per hour} Gain per 
Liter Saturation | since last test | 24 hours 


Time Exposed to Air 








Initial (oes eee ee eer: 1000 68 0.14 — 
Y hour 26452 eae ait 1000 68 0.86 13 11% — 
2; DOUTB ie he ee ee ee eo 1000 68 1.43 22, 1 9% _— 
3 Hours. 4 ee eee ee eee 1000 68 1.86 29 7% —- 
4 hoursSvai ke ae ea ee * 1000 68 A: 33 4% — 
BS hoursss: hs ok eee ane Pe 1000 68 2.43 37 4% —— 
6 Hourst.. eer eke kee eee eee 1000 68 250 40 3% _— 
7: HOUPB sae ee ere 1000 68 2.71 42 2% — 
8 hours. eee eee eee 1000 68 2.86 44 2% 

DAU HOUIS Snes ce eo eC eee 1000 68 Saul 57 0.8% 55% 
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TABLE CLV 
DISSOLVED OXYGEN ABSORBED BY LAND WATER 














Dissolved Oxygen 
Specific Temp. 
Gravity | Deg. F. | C.C. per | Per Cent.| Gain Since | Gain per 

Liter |Saturation| Exposed 24 Hours 


—_———$ | — | — ——— — | | | _ 





Time Exposed to Air 


CES OLS, AOE SE ee ee 1000 70 0.28 4 0.0% 0.0% 
FoR Ss a ae eine gaa 1000 70 3.57 56 52.0% 52.0% 
ee ee ak wis ang «ojo ss 1000 70 4.43 70 66.0% 14.0% 
SLOG cscs | my it el a ae ee ee ae 1000 70 5.14 80 76.0% 10.0% 
1 € teehee eae 1000 70 5.71 89 85.0% 9.0% 
Be Ae ies co oad hens eae Male 4 1000 70 5.86 92 88.0% 3.0% 
EA Se es Gs tinge 4 s Sieve 1000 70 6.00 94 90.0% 2.0% 
TSENG 46 okt Is Sa a a 1000 70 6.14 96 92.0% 2.0% 











TABLE CLVI 
DISSOLVED OXYGEN ABSORBED BY LAND WATER 











Dissolved Oxygen 








. . CIR TOS Gh SONIA ee 
Time Exposed to Air Deg. F. Gravity C. C. per Per Cent. jGain per Hour} Gain per 
Liter Saturation | since last test | 24 Hours 

LUC ela.» aya aa ae te ng aR 70 1000 0.28 4 —-- 
MIVOUIEE «wie ec eiab cies ae 8.3 70 1000 1.00 16 12% —. 
EEE. 5 aie gin vets 70 1000 1.57 25 9% —— 
pee okt SC sos as 70 1000 2.00 31 6% —— 
DNS a 70 1000 2.28 35 4% os 
ONE re So 70 1000 2.57 40 5% eae 
SNAPE, 5 Oy ate. e wins oie yes 70 1000 Bat l 43 3% — 
FIT a a 70 1000 2.85 45 2% nanos 
Shige ES Se 70 1000 3.00 47 2% 

RIOTS OM ice’ Leila oe p's 70 1000 3.71 58 0.70% 54% 
RORCLEMME PRES ear she e-cey cs. 4 ess 2's 70 1000 4.43 70 0.50% 12% 
AGT Cali 70 1000 5.14 80 0.42% 10% 
AGE MEL. Shes hhe om o\s ails «8 70 1000 5.57 87 0.30% 7% 
ROO rei ee Gos les alet « 70 1000 6.00 94 0.15% o.Du 
IN 0s ee 70 1000 6.14 96 0.08% 2.0% 

TN etna oes 8 nw oe 70 1000 6.76 100 0.06% 1.3% 














TABLE CLVII 
DISSOLVED OXYGEN ABSORBED BY LAND WATER 




















Dissolved Oxygen 








. . embers nivel yee i a 
Time Exposed to Air Deg. F. Gravity C. C. per Per Cent. {Gain per Hour} Gain per 
Liter Saturation | since last test | 24 Hours 

NOLEN OY Boat, sae Saat eae an 65 1000 0:27 4 —- 
COMATOSE ae 65 1000 0.92 14 10% wae 
fa i Ta a a 65 1000 1.53 23 9% — 

Sor gC lo Gb ct aN 65 1000 1.90 30 7% — 
OSS OO) 65 1000 2.29 34 4% a 
PRD OULS MR tee ok vais ajacdeotels <8 65 1000 2.57 38 4% aa 
ORE eee ea es less 65 1000 2.70 40 2% —— 
TARE ones Ao OR ee 65 1000 2.84 42 2% — 
PAE ee ee 65 1000 2.98 44 2% aa 

POMOUROR SS etic ich EH Sessa a els 5 65 1000 3.01 52 1% 

ROM re ck fr hielo + 2s a's & « 65 1000 3.78 58 0.75% 54% 
2S Gh ck, ae 65 1000 4.73 70 0.50% 12% 
BOOS MAE PE ee +. SEGRE owas 65 1000 5.41 80 0.42% 10% 
PGS Cor ow ob hets ace tks as 65 1000 6.22 92 0.25% 6% 
Ota wer. oot 3a o unl Sh setae « 65 1000 6.35 94 0.08% 2% 
ee a ritanre 5 Sitges AS ke 65 1000 6.49 96 0.08% 2% 


UNIS Gn. « lave diets Mars ei's"s 65 1000 6.62 98 0.08% 0.67% 
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Tables CLIV to CLVII show that a rapid absorption took place for the first few 


hours, the rate diminishing with each succeeding hour. The rate was much more 


rapid for the first day than for the days following, decreasing with each succeeeding 


day. 


ABSORPTION BY SEA WATER 


The results obtained for sea water are shown in Tables CLVIII to CLXI, inclusive: 


Time Exposed to Air 


TABLE CLVIIL 


OXYGEN ABSORBED BY SEA WATER 


Specific 
Gravity 


1020 
1020 
1020 
1020 
1020 
1020.5 
1020.5 
1020.5 
1020.5 
1021 








Dissolved Oxygen 
Temperature 
Deg. F. 
C. C. per Per Cent. |Gain per Hour| Gain per 
iter Saturation | since last test | 24 Hours 
68 0.14 2 —— 
68 0.71 13 11% — 
68 1.28 23 10% — 
68 1.71 30 7% — 
68 2.00 36 6% — 
68 2.28 41 5% — 
68 2.57 46 5% —_— 
68 2.71 48 2% —_— 
68 2.86 51 3% 
68 3.43 61 0.62% 59% 
TABLE CLIX 


OXYGEN ABSORBED BY SEA WATER 


— ee ———— er i SS OOO OOO OO 
a a SS VS SS SS DEE ES SS Sa SS SS 


Time Exposed to Air 


Specific 
Gravity 


Be 


1022 
1023 
1023 
1023 
1023.5 
1024 
1024 
1024 









Dissolved Oxygen 


Per Cent. 
Saturation 


CRON CH OT C9 © 
Ne HON RD 
Sip Saw wo 
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TABLE CLX 
OXYGEN ABSORBED BY SEA WATER 


Dissolved Oxygen 











‘ . Temperature] *Specific 
Time Exposed to Air Deg. F. Gravity 
C. C. per Per Cent. {Gain per Hour| Gain per 
Liter Saturation | since last test | 24 Hours 
ESCA GGA Sie ieee 65 1023.5 0.14 3 — 
ACME Pe Ais ae sis, esa e' ss 65 1023.5 0.71 13 10% —— 
OMS S ar ati ee ices oibe aos 65 1023.5 1.25 22 - —. 
BOUMR Te None es oe oe ee. sss 65 1024.0 1.67 30 8% —— 
Me CREE Sas +6 sak es dans 65 1024.0 1.95 35 5% a 
RP HOUIES Ptade etc tie. Sotisi 2 «wa 65 1024.0 2.22 40 5% — 
GRO e esc Oe ees alee es 65 1024.5 2.50 45 5% cae 
PR TIONAN 2) Sel iat ashe sone stale's 65 1025.0 2.64 48 3% oe 
PIMAT SRI ed sie ac Saft Ss o's. 65 1025.0 2.78 50 2% an 
COL fet oe 65 1025.5 3.34 60 1.25% 
FEI NTT oo i a 65 1025.5 3.61 65 0.63% 62% 
PP Cale a 65 1025.5 4.45 81 0.67% 16% 
Uh es (a a 65 1025.5 5.00 91 0.42% 10% 
ABA. 2 gpk oc icniteedrape «ai 65 1026.0 5.28 96 0.10% 2.5% 
REL AVB tes Sot leat sishia’. art 65 1026.0 5.42 98 0.08% 2.0% 
RON ete ee aah (ise win tates 65 1026.0 5.42 98 0.00% 0.0% 
BUrcavanerr ste io on ae foo 65 1026.0 5.55 100 0.03% 0.7% 








*The specific gravity of the sea water was increased by evaporation during the period of boiling. 


TABLE CLXI 
OXYGEN ABSORBED BY SEA WATER 








Dissolved Oxygen 


. : 
Time Exposed to Air Temperature} ‘*Specific 








Deg. F. Gravity C. C. per Per Cent. |Gain per Hour| Gain per 
Liter Saturation | since last test | 24 hours 

PAE) Dens 20 Roe a 65 1027.5 0.13 2 —— 
LUO res Ae 65 1027.5 0.68 13 11% — 
MREOMNT TOG oper ars es ep pndi'e ee Gis 65 1027.5 1.22 23 10% — 
RERMIER Bos 5 tix ete staelce ss Sete 3 65 1027.5 1.62 30 7% — 

2 OO a 65 1027.5 1.89 35 5% _—— 
MUR OUEN ea Asie amie ie seca we 65 1028.0 2.17 40 5% — 
OOS 2 ee a 65 1028.0 2.30 43 3% — 
PRBOMER Ceegie sec sied eves wt es 65 1028.0 2.43 45 2% —— 
PERE ee Hats one ems casks, meni senate =) 65 1028.0 2.57 48 3% —_— 

UL SOCOM ans 65 1028.0 2.98 55 0.87% 

GAUAOQUED Joo isi ainda ivinie de 2 obs 65 1028.0 3.38 62 0.87% 60% 
DICE Sa fats Soa sicher ans «years 65 1028.0 4.19 78 0.67% 16% 
2 a 65 1028.0 4.73 88 0.42% 10% 
Of. 10, Bea naar 65 1028.0 5.00 93 0.21% 5% 
LEG Gh) Say A 65 1028.0 5.14 95 0.08% 2% 
ORV nly one ess scte ee 65 1028.5 5.27 97 0.08% 2% 
PIN tava cares wis «Whe ne vs 67 1028.5 5.27 99 0.08% 2% 





*The specific gravity of the sea water was increased by evaporation during the period of boiling. 


Tables CLVIII to CLXI show the same general behavior of sea water as shown for 
land water in Tables CLIV to CLVII. The rate of absorption was rapid upon first 
exposure to the air and diminished with time, until near the point of saturation, when 
the absorption proceeded very slowly. 

By a comparison of the results obtained with land water and sea water, it is seen 


that the latter recovers its oxygen at a slightly more rapid rate than the former. The 
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difference was first apparent at about the third hour after exposure to the air, and 
amounted to 4 or 5 per cent. at the end of 24 hours. 

ABSORPTION BY MIXTURES OF LAND AND SEA WATER 


The results obtained in experiments with mixtures are shown in Tables CLXII 
and CLXITITI. 


TABLE CLXII 


OXYGEN ABSORBED BY LAND WATER MIXED WITH SEA WATER 

















Dissolved Oxygen 


Time Exposed to Air Specific Temperature 








Gravity Deg. F. 

C. C. per Per Cent. /Gain per Hour} Gain per 

Liter Saturation | since last test | 24 Hours 
Initial ae ee ee eee 1006.5 68 0.28 4 —— 
L hour's..25.4 ae ee eee 1006.5 68 0.86 14 10% —_—— 
2: hOUTa os. eee ee ee 1006.5 68 1.43 23 % oe 
3 hourss<% tener ee te es 1006.5 68 1.86 30 7% —— 
4 hoursv 73 eat eee te 1006.5 68 2.14 34 4% a 
5 OUTS poor ee eee eee 1006.5 68 2.43 39 5% —_— 
G hours! icoigncae sa eae ee 1006.5 68 2.63 42 3% woe 
< botirs 5 hoe eee ree 1006.5 68 2.86 46 4% a 

S houfa cass ie eee eee 1006.5 68 3.00 48 2% 

24 HOUNE co Cie oe ier eros 1007.0 68 3.86 62 0.87% 58% 











TABLE CLXIII 


OXYGEN ABSORBED BY LAND WATER MIXED WITH SEA WATER 














Dissolved Oxygen 


Time Exposed to Air Specific Temperature 








Gravity Deg. F. 
C. C. per Per Cent. |Gain per Hour] Gain per 
Liter Saturation | since last test | 24 Hours 
Initials oe 2 eee wi. rete 1011.5 70 0.28 5 

24 hours 5.25 eee ex os poe 1012.0 70 3.43 60 55% 55% 
2 daYR I Foe eee 1012.5 70 4.28 74 69% 14% 
3 days: ees ee ee 1012.5 70 4.86 84 79% 10% 
4 daya.2 75, SR eee 1012.5 70 5.28 91 86% 7% 
G.GRyS 575 cc a eee De een 1012.5 70 5.43 94 89% 38% 
G: da ya. acct en eee 1012.5 70 5.57 96 91% 2% 
7 Oaye. Acces Cee ie eas 1012.5 70 5.63 97 92% 1% 














Tables CLXII and CLXIII show that the mixture of land and sea water behaved 
in the same general way as either land or sea water, as regards the rate of absorption. 
The rate was somewhat less than that of undiluted sea water, and slightly greater than 


that of land water. 
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CONCLUSIONS 


1. Land or sea water, from which the dissolved oxygen has been exhausted will 
absorb oxygen rapidly from the atmosphere if exposed to the air in an open vessel. 

2. The rate of absorption is especially rapid during the first hour, but decreases as 
the degree of saturation increases, until the saturation figure is approached, when the 
rate declines to less than 1 per cent. per 24 hours. ‘Thus 10 per cent. of the saturation 
value was taken up in the first hour, over 50 per cent. in the first day, and seven to ten 
days were required for saturation. 

3. The rate of absorption was found to be rather more rapid in sea than in land 
water, figured in terms of the per cent. of saturation. The gain for the first day was 
about 8 per cent. greater in sea water than in land water. 

4. A mixture of land and sea water showed the same general characteristics as to 
reabsorption of oxygen as were possessed by the ingredients separately. The rate of 
absorption lay between the rates for unmixed land and sea water. 


5. The rate of absorption was very uniform for samples of a like character. 


744 DATA RELATING TO THE PROTECTION OF THE HARBOR 


SECTION VI 
CHEMICAL ANALYSES OF THE HARBOR WATER 


INTRODUCTION 


Samples of water collected from various parts of the harbor were analyzed for 
free and albuminoid ammonia, nitrites, nitrates and oxygen between February 27, 
1912, and June 11, 1913, and the results are recorded in the following tables. In most 
cases duplicate samples were incubated and the condition of the water before and after 
incubation is here presented. 

The samples were incubated for 7 days at the temperature and in the diffused 
light of the laboratory. Tests for nitrates and nitrites were made from the original 
samples on the day when they were collected and from the incubated samples at the end 
of a week. Some tests for free and albuminoid ammonia were made on the day of col- 
lection and some on the following day, that part of the sample which was not at once 


analyzed being preserved by means of chloroform. 
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TABLE CLXIV 


Section 


1 
2 
3 
4 
5 


; Location Date of Collection Pages 
East river, midstream, Brooklyn Bridge.....................000e eee eeee Feb. 27,1912; to June 17719183. 22.0. Senn. s 746 
Hudsonriveramicdstream, off Pier A... .c 0... Selec ccc tee e neces Feb; 27, 1912; to June 11, 19135. 00.5.4. ven. 748 
POIMBIECORE TNCAT DCI DUOY. 63... 405 ca kee cece ce secucesncssccucetus Fev. 27, 1912, tone’) 290s. we eee ae 750 
Kill van Kull, midstream, off Sailors Snug Harbor....................... Mar: 471912. to Jane’ ti, 1913s... 753 


Narrows, between Forts Lafayette and Wadsworth..................... Feb. 27, 1912, to June 11, 1913............. 755 
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TABLE CLXIV 


1—EAST RIVER, MIDSTREAM, BROOKLYN BRIDGE 
Latitude 40° 42’ 20”. Longitude 73° 59’ 48”. 








Oxygen Parts per Million 
Sample| Date Hour | Feet Tidal Incuba- Temp. ‘ 
Na 1912 reste below erent on water C.C. |Per cent. Ammonia ate ; 
surface Deg. C. per satura- |_—_—__________| Nitrite | Nitrate 
litre tion Albu- Free 
minoid 
1 Feb. 27 | 10.30 1 Slack 
low water} Before me 6.57 80 0.548 | 0.102} 0.001 0.189 
2 10.40 30 Slack 
low water| Before 3.3 6.57 80 0.442 0.198 0.001 0.149 
9 Mar. 4 | 10.30 1 Ebb Before Vee 6.57 79 0.236 | 0.284} 0.001} 0.109 
10 10.35 30 Ebb Before 24, Pe 6.57 80 0.272 | 0.324} 0.001 0.1389 
19 Mar. 5] 6.05 1 Flood Before 0.6 6.86 80 0.316 |} 0.240} 0.001 0.179 
20 6.10 30 Flood Before 1.1 6.86 80 0.240 0.192 0.001 0.139 
29 Mar. 14 | 11.15 I Ebb Before 4.4 6.43 80 0.400 | 0.324] 0.001 | 0.239 
29a 11.15 1 Ebb After Al al 2.28 40 ae 0.468 | 0.002 | —— 
Difference]........ —4.15 —40 — |4+0.144 |+0.001 | —— 
30 Mar. 14 | 11.20 30 Ebb Before 4.4 6.43 80 0.408 | 0.348 | 0.001 | 0.259 
304 11.20 30 Ebb After 21.1 2.10 37 — 0.524 | 0.003 | —— 
Difference]........ —4.33 —43 — {+0.176 |+0.002 | —— 
39 | April 3 | 8.50 1 Flood Before 6.1 6.71 82 0.244 | 0.168 | 0.001 |. 0.149 
389A 8.50 1 Flood After 18.3 3.92 61 0.192 | 0.240} 0.001 0.149 
Difference}........ —2.79 —21 —0.052 |+0.072 | 0.000; 0.000 
40 | April 3} 9.00 30 Flood Before 6.1 6.57 81 0.256 | 0.148 | 0.001 | 0.109 
40a 9.00 30 Flood After 18.3 3.78 60 0.168 | 0.220] 0.001 0.129 
Difference]........ —2.79 —21 —0.088 }+0.072 | 0.000 |+0.020 
P.M. 
57 | April 3 5.50 1 Ebb Before 6.1 6.71 82 0.256 | 0.160 | 0.001 | 0.199 
57A 5.50 1 Ebb After 18.3 Bee v6 53 0.184 | 0.212 | 0.001 | 0.089 
Difference]........ —3.24 —29 —0.072 |+0.052 | 0.000 |—0.110 
58 | April 3} 6.00 30 Ebb Before 6.1 6.43 80 0.292 | 0.152 | 0.001 | 0.149 
58a 6.00 30 Ebb After 18.3 onl 49 0.216 | 0.200 | 0.002] 0.158 
Difference|........ —3.32 —31 —0.076 |+0.048 |+0.001 |+0.009 
A.M. 
61 June 13 | 10.10 1 Ebb Before tee 3.88 65 0.340 | 0.160} 0.002} 0.028 
61a 10.10 1 Ebb After Zit 2.76 48 0.272 | 0.144] 0.005] 0.045 
Difference]........ —1.12 -17 —0.068 }—0.016 |+0.003 |+0.017 
62 | June 13 | 10.15 30 Ebb Before 16.7 3.88 64 0.284 | 0.144] 0.002 | 0.038 
62a 10.15 30 Ebb After les 2.86 61 0.208 | 0.284} 0.003} 0.037 
Difference]........ —1.02 —13 —0.076 |+0.140 |+0.001 |—0.001 
Pave 
79 | June 13] 4.30 1 Flood Before Zee 3.68 60 0.172} 0.156 | 0.002 | 0.058 
79A 4.30 il Flood After 2131 2.86 50 0.248 | 0.188 | 0.007 | 0.073 
Difference|........ —0.82 —10 +0.076 |+0.032 |+0.005 }+0.015 
A.M. 
80 | June 13} 4.35 30 Flood Before 16.7 3.68 61 0.204 | 0.108 | 0.002 |] 0.078 
80a 4.35 30 Flood After 21.1 2.55 45 0.160 | 0.3856 | 0.008 | 0.052 
Difference|........ —1.13 —16 —0.044 |+0.248 |+0.006 |—0.026 
81 July 11 9.00 1 Ebb Before 23.6 2.40 46 0.312 | 0.3880; 0.003 | 0.087 
81a 9.00 1 Ebb After 24.4 0.70 13 0.196 | 0.608} 0.056} 0.013 
Difference|........ —1.70 —33 —0.116 |+0.228 |+0.053 |—0.074 
82 | July 11 9.10 30 Ebb Before 23.6 2.40 46 0.284 | 0.408 | 0.003 | 0.097 
82a 10 30 Ebb After 24.4 0.70 13 0.212 | 0.624] 0.000] 0.020 
Difference]........ —1.70 —33 —0.072 |+0.216 0.003 0.077 
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Oxygen Parts per Million 
Sample} Date | Hour Feet Tidal Incuba- | Temp: 
No 1912 P.M below Butvent - sty water C. C. {Per cent. Ammonia 
, *"* | surface Deg. C. per satura- |____________| Nitrite | Nitrate 
litre tion Albu- F 
minoid Sot 
99 | July 11] 3.30 1 Flood Before 23.9 2.60 50 0.272 | 0.452 | 0.003 | 0.087 
994 3.30 1 Flood After 24.4 0.80 15 0.212 0.560 0.056 0.000 
Difference}]........ —1.80 —35 —0.060 |+0.108 |+0.053 |—0.087 
100 July 11 3.35 30 Flood Before 23.9 2.60 50 0.212 0.456 0.0038 0.057 
100a O.30 30 Flood After 24.4 0.80 15 O2180\ | 30.4382 1 0.153)1 ¢ 0.037 
Difference]........ —1.80 —35 —0.0382 |—0.024 |+0.150 |—0.020 
A.M. 
101 | July 24] 9.30 1 Ebb Before 7A aif 2.50 46 0.328 | 0.548 | 0.070 | 0.060 
101A 9.30 1 Ebb After 23.9 0.60 11 0.160 | 0.608 | 0.072 | 0.088 
Difference]........ —1.90 —35 —0.168 |+0.060 |+0.002 |—0.022 
102 | July 24] 9.35 30 Ebb Before Le 2.50 46 0.200 | 0.520} 0.066 | 0.044 
1024 9.35 30 Ebb After 23.9 0.70 13 0.116 0.536 0.072 0.028 
Difference]........ —1.80 —33 —0.084 |+0.016 |+0.006 |—0.016 
P.M. 
119 | July 24] 3.40 1 Flood Before 21.7 2.80 50 0.160 | 0.456 | 0.080} 0.000 
119A 3.40 1 Flood After 23.9 1.00 19 0.108 | 0.540} 0.112 | 0.000 
Difference]........ —1.80 —3l —0.052 |+0.084 |+0.032 | 0.000 
120 July 24 3.45 30 Flood Before 21.1 2.80 ill 0.200 0.460 0.078 0.032 
1204 3745 30 Flood After 23.9 1.20 23 0.092 | 0.492 | 0.120 | 0.000 
Difference]........ —1.60 —28 —0.108 |+0.032 |+0.042 |—0.032 
1913 A.M. 
slo o| Jan. 9: | 7.45 1 Flood Before 2.8 6.00 68 0.204 | 0.168} 0.016} 0.144 
313A 7.45 1 Flood After 26.7 4.60 71 0.156 | 0.260 | 0.020 | 0.110 
Difference]........ —1.40 +3 —0.048 |+0.092 |+0.004 |—0.034 
323 | Jan. 9 | 11.20 1 Ebb Before 3.3 5.60 65 0.144 | 0.156] 0.020 | 0.140 
323A 11.20 1 Ebb After 26.7 4.80 86 0.096 | 0.164] 0.016 | 0.144 
Difference]........ —0.80 +21 —0.048 |+0.008 }—0.004 |+0.004 
333 | Feb. 18 | 10.00 1 Ebb Before 1e7 5.40 62 0.304 | 0.312} 0.036 | 0.114 
333A 10.00 1 Ebb After i ear 2.00 38 0.192 | 0.440 | 0.042 | 0.048 
Difference]........ —3.40 —24 —0.112 |+0.128 |+0.006 |—0.066 
334 | Feb. 18 | 10.05 30 Ebb Before BSS 5.40 62 0.200 | 0.208 | 0.030} 0.140 
334A 10.05 30 Ebb After LiF 3.00 De 0.168 | 0.3820] 0.084 | 0.126 
Difference]........ —2.40 —5 —0.032 |/+0.112 |+0.004 |—0.014 
Pe. 
351 | Feb. 18 | 5.10 1 Flood Before | af 5.60 64 0.204 | 0.192} 0.024} 0.166 
351A 5.10 1 Flood After 21.1 3.10 55 0.092 | 0.244 | 0.024} 0.166 
Difference}........ —2.50 —9 —0.112 |+0.052 | 0.000} 0.000 
352 | Feb. 18; 5.15 30 Flood Before 1.7 5.70 65 0.160 | 0.204 | 0.024 | 0.286 
352A 5.15 30 Flood After 21.1 3.40 60 0.148 | 0.296 | 0.026) 0.214 
Difference]........ —2.30 —5 —0.012 |+0.092 |+0.002 |—0.072 
397 | May 29] 3.05 1 Flood Before 15.3 4.70 72 0.108 | 0.252 | 0.034 | 0.056 
3974 3:05 1 Flood After 21.6 3.39 59 0.116 | 0.3852 | 0.042 | 0.088. 
Difference]........ —1.31° | —13 +0.008 |+0.100 |4+0.008 |+0.032 
- 399 | May 29} 3.30 30 Flood Before 15.0 2.90 45 0.120 | 0.272 | 0.029} 0.021 
399A 3.30 30 Flood After 21.6 2.31 40 0.120 | 0.892 | 0.040 | 0.040 
Difference]........ —0.59 —5 —0.000 |+0.120 }+0.011 |+0.019 
A.M. 
412 | June ll} 9.05. 1 Ebb Before 16.5 2.49 40 0.256 | 0.460 | 0.044 | 0.096 
412A 9.05 1 Ebb After 16:7 0.00 0 0.096 | 0.384] 0.050 | 0.060 


Difference|........ 2.49 | —40 |—0.160 |—0.076 |+0.006 |—0.036 
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Oxygen Parts per Million 
Feet . Temp. 
Sample ae below et es water C. C. |Per cent. Ammonia 
a : surface Deg. C. per satura- |______________| Nitrite | Nitrate 
litre tion Albu- tree 
minoid 

414 | June 11 Ebb Before 16.5 2.51 41 0.268 | 0.484] 0.044] 0.076 
4144 Ebb After 16.7 0.00 0 0.104 0.360 0.076 0.074 
Difference]........ —2.51 —41 —0.164 |—0.124 |+0.032 |—0.002 
427 June 11 Flood Before 18.4 4.83 85 0.188 |} 0.316 | 0.040] 0.120 
427A Flood After 18.4 1.80 30 0.192 | 0.604] 0.054 | 0.116 
Difference]........ —3.03 —55 +0.004 |+0.288 |+0.014 |—0.004 
429 | June 11 Flood Before 17.8 5.08 84 0.184 | 0.316} 0.040} 0.090 
429A Flood After 17.8 2.83 47 0.192 | 0.652} 0.1380} 0.040 


Differencel........ —2.25 | —37  |+0.008 |+0.336 |+0.090 |—0.050 








2—HUDSON RIVER, MIDSTREAM, OFF PIER A 
Latitude 40° 42’ 19”. Longitude 74° O1’ 34”. 








1912 A.M. 
3 Feb. 27 | 11.30 1 Ebb Before 2.8 6.57 80 0.446 | 0.426 |; 0.001 | 0.199 
4 11.40 30 Ebb Before 2.8 6.57 80 0.488 | 0.196 | 0.001 0.209 
11 Mar. 4 | 11.00 1 Ebb Before 1.1 6.86 81 0.192 | 0.304 | 0.001 0.1389 
12 11.05 30 Ebb Before EY 6.86 82 0.232 | 0.300 | 0.001 0.119 
21 Mar. 5 6.25 1 Flood Before 0.6 7.00 81 0.196 0.216 0.001 0.239 
22 6.30 30 Flood Before 1.1 7.00 82 0.196 | 0.216 | 0.001 | 0.189 
31 Mar. 14 | 11.50 1 Ebb Before pee 6.86 76 0.172 | 0.152 0.000 | 0.250 
31a 11.50 1 Ebb After 21.1 2.86 32 —. 0.380 | 0.002 | —— 
Difference]........ —4.00 —44 —— /|40.228 |+0.002 — 

Noon 
32 Mar. 14 | 12.00 30 Ebb Before 3.9 6.43 80 0.236 | 0.284 |] 0.001 0.169 
382A 12.00 30 Ebb After 21.1 2.57 29 os 0.316 | 0.001 | —— 
Difference]........ —3.86 —5l1 — |+0.032 0.000 —. 

A.M. 
41 April 3 9.30 1 Ebb Before 5.6 7.43 85 0.200 | 0.164] 0.000 | 0.190 
41a 9.30 1 Ebb After 18.3 4.46 68 0.172 | 0.196 | 0.001 0.189 
Difference]........ —2.97 —-17 —0.028 |+0.032 |+0.001 |—0.051 
42 | April 3} 9.40 30 Flood Before 6.1 6.80 83 0.232 | 0.160 | 0.001 | 0.169 
42a 9.40 30 Flood After 18.3 4.32 68 0.172 | 0.224; 0.001 0.089 
Difference]........ —2.48 -—15 —0.060 |+0.064 | 0.000 |—0.080 

P.M. 
55 | April 3 5.20 1 Ebb Before 6.1 7.57 88 0.340 | 0.128 | 0.000 | 0.230 
55a 5.20 1 Ebb After 20.0 3.89 60 0.228 | 0.152] 0.001 0.099 
Difference]........ —3.68 —28 —0.012 |+0.024 |+0.001 |—0.131 
56 | April 3 5.30 30 Ebb Before 6.1 (Gy; 88 0.404 | 0.156} 0.000] 0.160 
56A 5.30 30 Ebb After 20.0 3.78 58 0.344 |} 0.196} 0.001 0.169 
Difference]........ —3.79 —30 —0.060 |+0.040 |+0.001 |+0.009 

A.M. 
63 | June 13 | 10.30 1 Ebb Before Lye2 4.49 74 0.180 |} 0.140] 0.002 | 0.028 
634A 10.30 1 Ebb After 2101 3.16 54 0.120 | 0.3800 | 0.003 | 0.028 
Difference]........ —1.33 —20 —0.060 |+0.160 }+0.001 | 0.000 
64 | June 13 | 10.40 30 Ebb Before 7a2 4.39 74 0.324 | 0.056 | 0.002 | 0.028 
644 10.40 30 Ebb After 21.1 Seon 24 0.160 | 0.292 | 0.002 | 0.018 
Difference|........ —1.12 —650 —0.164 |+0.136 | 0.000 |—0.010 





Sample 
No. 


tee 
T7A 


78 
78A 


83 
838A 


84 
84a 


97 
97A 


98 
98a 


103 
1034 


104 
1044 





117 
117A 


118 
1184 


315 
315A 


325 
325A 


335 
335A 


336 
336A 


349 
3494 


Date 
1912 


June 13 


June 13 


July 


July 


July 


July 


July 


July 


July 


July 


11 


11 


11 


11 


24 


24 


24 


24 


1913 


Jan. 


Jan. 


Feb. 


Feb. 


Feb. 


9 


18 


18 


18 


Hour 
P.M. 





A.M. 


11.40 


11.40 


10.30 
10.30 


10.35 
10.35 


P.M. 
4.50 
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749 


Nitrate 


Oxygen Parts per Million 
Feet . Temp. ae 
below sarin water C. C. |Per cent. Ammonia 
surface Deg. C per satura- Nitrite 
litre tion Albu- Eres 
minoid 
1 17.2 4.19 69 0.128 0.176 0.002 
1 21.1 3.16 56 0.156 0.188 0.006 
Bhi oetebeid'y —1.038 —138 —0.028 |+0.012 |+0.004 
30 16.7 4.19 68 0.168 | 0.140} 0.002 
30 21.1 2.86 51 0.156 0.256 0.007 
ane Tate —1.33 —17 —0.012 |+0.116 |4+0.005 
1 23.9 2.90 54 0.328 0.412 0.003 
1 24.4 1.10 21 0.120 0.500 0.089 
bly a —1.80 —33 —0.208 |+0.088 |+0.086 
30 23.6 2.80 52 0.276 0.420 0.003 
30 24.4 0.60 11 0.1386 0.536 0.045 
apart —2.20 —41 —0.140 |+0.116 |+0.042 
1 23.9 3.00 57 0.404 0.436 0.003 
1 24.4 0.80 15 0.156 0.508 0.183 
KAN eeenetae —2.20 —42 —0.248 |+0.072 |+0.130 
30 23.9 3.10 59 0.2382 0.456 0.003 
30 24.4 sae — 0.160 0.584 0.064 
Battech — — —0.072 |+0.128 |+0.061 
1 Zak 3.10 55 0.312 0.512 0.063 
1 23.9 2.00 37 0.132 0.568 0.048 
5 Ua We —1.10 —18 —0.180 |+0.056 |—0.015 
30 21.7 3.00 55 0.164 0.720 0.065 
30 23.9 2.10 40 0.108 0.540 0.160 
PANE ioe —0.90 —15 —0.056 ;—0.180 |+0.095 
1 21.7 3.70 66 0.188 0.428 0.071 
1 23.9 2.00 32 0.104 0.528 0.080 
OATS aes —1.70 —34 —0.084 |+0.100 |+0.009 
30 21.1 3.70 67 0.184 0.420 0.073 
30 23.9 2.10 40 0.116 0.372 0.224 
Je ere —1.60 —27 —0.068 |—0.048 |+0.151 
1 2.8 6.20 70 0.148 0.108 0.002 
1 26.7 5.00 95 0.112 0.160 0.012 
bailed Ayam —1.20 +25 —0.036 |+0.052 |+0.010 
1 3.3 5.70 65 0.116 0.128 0.016 
] 26.0 4.40 79 0.100 0.152 0.016 
Bi Rie ee —1.30 +14 —0.016 |+0.024 0.000 
1 ; i VAre 5.80 66 0.176 0.228 0.024 
1 21.1 4.00 70 0.108 0.300 0.026 
See —1.80 +4 —0.068 |+0.072 |+0.002 
30 1.7.| 5.80 | 66 | 0.132] 0.180] 0.026 
30 21 3.40 60 0.108 0.228 0.022 
Ria oie —2.40 —6 —0.024 |+0.048 |—0.004 
L aL ee 5.80 65 0.120 0.160 0.022 
1 21.1 4.00 71 0.092 0.144 0.024 
Difference!........ —1.80 +6 —0.028 |—0.016 |+0.002 
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Oxygen Parts per Million 
Feet : Temp. 
carpe os ey below ee eat water C. C. |Per cent. Ammonia 
oO. surface Deg. C.| per | satura- |__| Nitrite | Nitrate 
litre tion Albu- Free 
minoid 

350 Feb. 18 4.55 30 Flood Before Vins 5.90 67 0.1386 0.188 0.022 0.288 
350A 4.55 30 Flood After 21.1 4.00 71 0.088 0.212 0.022 0.258 
Difierencel. 22. —1.90 +4 —0.048 |+0.024 0.000 |— 0.030 

304 May 29 2.00 1 Flood Before 15.3 4.60 70 0.076 0.212 0.030 0.100 
394A 2.00 i! Flood After 21.6 3.63 63 0.096 0.216 0.032 0.098 
, Ditierencels anaes —0.97 —7 +0.020 |+0.004 |+0.002 |—0.002 

396 May 29 2.30 30 Flood Before 14.7 4.30 64 0.100 Qe212 0.032 0.048 
396A 30 30 Flood After 21.6 3.63 63 0.128 0.296 0.040 0.060 
Difference. ..c22.. —0.67 —l +0.028 |+0.084 |+0.008 |+0.012 

409 May 29 7.50 iL Ebb Before 14.4 5.00 TAS 0.084 0.232 0.027 0.093 
4094 50 1 Ebb After 21.6 4.70 80 0.100 0.332 0.028 0.042 
Difference]........ —0.30 —5 +0.016 |+0.100 |+0.001 |—0.051 

411 May 29 8.10 30 Ebb Before 14.4 5.50 84 0.112 0.180 0.030 0.080 
Alla 10 30 Ebb After 21.6 4.60 80 a —— —- — 
Difference]........ —0.90 —4 —— — — —— 


1 Ebb Before Lae on 0. : ‘ 
415A 9.45 1 Ebb After 17.8 1.85 30 0.076 Onse2 0.046 0.124 
Difference|........ —l. 0 

















417 | June 11 9.55 30 Ebb Before ily gs 3.97 65 0.200 | 0.356 | 0.088 | 0.092 
417A 30 Ebb After IWF 1.80 29 0.140 |. 0.356 | s00508 Osteo 

Difference]........ —2.17 —36 —0.060 | 0.000 ;+0.012 |4+0.038 

1 ate 

430 | June 11 1.50 1 Flood Before 18.4 4.11 68 0.184 | 0.832 | 0.040 | 0.070 
430A 1.50 1 Flood After 18.4 2.08 34 0.124 | 0.382 | 0.062 | 0.098 

Difference]........ —2.03 —34 —0.060 | 0.000 |+0.022 |+0.028 
432 June 11 2.00 30 Flood Before 17.2 4.72 77 0.244 | 0.3820 | 0.040; 0.040 
432A 2.00 30 Flood After 17.1 2.09 34 0.186 | 0.400 |} 0.088 | 0.072 

Difference]........ —2.63 —43 —0.108 }|+0.080 |+0.048 |+0.032 











38—ROBBINS REEF, NEAR BELL BUOY 


Latitude 40° 39’ 15”. Longitude 74° 03’ 50”. 








| 
| 
1 





1912 P. M. 3 
Feb. 27 1el5 1 Ebb Before 2.8 hele! 87 0.338 0.298 0.002 0.188 
8 ee 40 Ebb Before 2.8 Viens 89 Orso 0.326 0.001 | 0.219 
.M. 
13 Mar. 4 | 11.35 1 Ebb Before 1.1 Ua 85 0.192 0.213 0.001 0.139 
14 11.30 40 Ebb Before 1G 7.14 86 0.196 0.243 0.001 0.139 
23 Mar. 5 7.00 1 Flood Before 0.6 7.43 88 0.264 0.406 0.001 0.179 
24 7.05 40 Flood Before 1.1 7.43 89 0.364 | 0.332 0.001 0.179 
P.M. 
33 Mar. 14 | 12.30 1 Ebb Before Bi! 6.86 80 0.248 0.180 0.001 0.209 
334A 12.30 1 Ebb After valeal 3.00 49 —. 0.424 0.002 | —— 
Difference]........ —3.86 —3l —- |+0.244 |+0.001 -~— 
34 Mar. 14 | 12.40 40 Ebb Before 3.9 6.86 85 0.292 0.256 0.001 0.179 
34a 12.40 40 Ebb After rt We 3.00 be — 0.268 0.002 —— 
Difference}........ —3.86 —32 —— |+0.012 |+0.001 —— 
f 


ee 
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Oxygen Parts per Million 
Temp. 
water C.C. |Per cent. Ammonia 
Deg. C. per satura- |_____________| Nitrite | Nitrate 
litre tion Albu- ews 
minoid 


—— | | | | || — |Vs | | as 4 eS eee 
——— = 





Before 6.1 7.28 90 0.196 0.204 | 0.001 0.179 
After 18.3 4.17 66 0.152 | 0.228 | 0.001 0.109 
Difference]........ —3.11 —24 —0.044 |+0.024 0.000 |—0.070 








Before 6.1 7.00 90 0.200 | 0.140 | 0.001 | 0.089 

After 18.3 4.60 70 0.116 | 0.176 |} 0.001} 0.089 

Difference]........ —2.40 —20 —0.084 |+0.036 | 0.000 |} 0.000 

Before 6.1 7.28 86 0.220 | 0.184} 0.000} 0.230 

After 20.0 S68 52 0.184 | 0.204] 0.001 0.089 

Difference!]........ —3.95 —34 —0.036 }+0.020 |+0.001 |—0.141 

Before 6.1 | 6.86 85 0.208 } 0.184] 0.001 | 0.109 

After 20.0 | 3.24 53 0.168 | 0.192} 0.001 | 0.089 

Difference]........ —3.62 —32 —0.040 ;+0.008 |} 0.000 |—0.020 

Before 17.2 4,19 70 0.264} 0.144] 0.002] 0.0388 

After Dilewl Bead 60 0.160 | 0.352 | 0.003 | 0.017 

Difference}........ —0.82 —10 —0.104 |+0.208 |+0.001 |—0.021 

Before 16.7 4.19 69 0.192 | 0.036 | 0.001 0.039 

After 2 igati ied 59 0.128 | 0.136] 0.001 | 0.030 

Difference]........ —0.92 —10 —0.064 |+0.100 | 0.000 |—0.009 

June 13 Before ee, 4.29 ral 0.168 | 0.1382 | 0.002 | 0.028 
T5A After le 3.16 ivf 0.148 | 0.308 | 0.004 | 0.036 
Difference]........ —1.13 —14 —0.020 |+0.176 |+0.002 |+0.018 

76 | June 13 Before 16.7 4.29 71 0.162 | 0.100} 0.002} 0.028 
76A After PA at o.27 59 0.192 0.128 0.006 0.0384 
Difference]........ —1.02 —12 +0.030 |+0.028 ;+0.004 |+0.006 

85 Before 23.9 3.00 57 0.344 0.384 0.003 0.070 
854A After 24.4 0.70 13 0.140 |} 0.540; 0.090; 0.070 
Difference!........ —2.30 —44 —0.204 |+0.156 |+0.087 0.000 

86 Before 23.6 3.10 59 0.200 | 0.304] 0.003 | 0.060 
864 After 24.4 0.80 15 0.108 | 0.420] 0.051} 0.000 
Differencelsa. .. .. —2.30 —44 —0.092 |+0.116 |+0.048 |—0.060 

95 Before 23.9 3.50 67 0.256 | 0.464 | 0.003 | 0.087 
95A After 24.4 1.00 19 0.152 0.572 0.063 0.000 
Difference]........ —2.50 —48 —0.104 |+0.108 }+0.060 |—0.087 

96 Before 23.6 3.50 67 0.224} 0.348; 0.002 | 0.058 
964 After 24.4 1.00 19 0.140 | 0.372 | 0.066} 0.044 
Difference]........ —2.50 —48 —0.084 |+0.024 |+0.064 |—0.014 


fm | | a | | ff a fa | | 


Before 21.7 2.90 | 53 0.244 | 0.492 | 0.054] 0.026 


105 
1054 After 23.9 2.00 38 0.112 | 0.548 | 0.106 | 0.000 
Difference]........ —0.90 —15 —0.132 |4+0.056 |+0.052 |—0.026 
106 Before PALE 2.90 53 0.152 | 0.380] 0.054 | 0.056 
After 23.9 2.20 42 0.104 | 0.480 | 0.026 | 0.064 


106A : 
; Difference! 1...¢ .... —0.70 —11 —0.048 |+0.100 |—0.028 |+0.008 
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Oxygen Parts per Million 
Feet . Temp. 
Sample Date Hour Tidal Incuba- ; 
No. 1912 P. M. below intone Ome water C. C. |Per cent. Ammonia Me : 
surface Deg. C. per satura- |——___—_—__________| Nitrite | Nitrate 
litre tion Albu- F 
minoid ee 

115 | July 24} 2.50 1 Flood Before Pal Cl 3.60 65 0.160 | 0.468 | 0.065 | 0.015 
1154 50 1 Flood After 23.9 2.60 50 0.096 | 0.504 | 0.070 |- 0.000 
Difference!........ —1.00 —15 —0.064 |+0.036 |+0.005 |—0.015 
116 | July 24] 2.55 40 Flood Before 21.1 3.70 67 0.156 | 0.244 | 0.039 |} 0.011 
1164 eo 40 Flood After 23.9 2.60 50 0.080 | 0.276} 0.092 | 0.000 
Difference]........ —1.10 -17 —0.076 |+0.032 |+0.053 |—0.011 

1913 A.M. 
317 | Jan. 9| 8.238 1 Flood Before Panis 6.30 72 0.140 | 0.136 | 0.012 | 0.148 
317A 8.23 1 Flood After 26.7 4.90 91 0.120 |} 0.824 | 0.018 | 0.112 
Difference|........ —1.40 +19 —0.020 |+0.188 |+0.006 |—0.036 

P.M. 
327 | Jan. 9 | 12.15 1 Ebb Before one 6.00 70 0.144 | 0.164] 0.016 | 0.154 
327A 12.15 il Ebb After 33433 4.80 92 0.076 | 0.196 | 0.018 | 0.192 
Difference]........ +1.20 +22 —0.068 |+0.0382 |+0.002 |+0.038 

A.M. 
337 | Feb. 18 | 11.10 1 Ebb Before 15 7% 5.90 68 0.172 | 0.160 | 0.026 | 0.094 
337A 11.10 1 Ebb After 21 3.30 41 0.112 | 0.268 | 0.028 | 0.062 
Difference]........ —2.60 —27 —0.060 |+0.108 |+0.002 |—0.032 
338 | Feb. 18 | 11.15 40 Ebb Before 1.7 6.00 69 0.128 | 0.160} 0.026 | 0.114 
338A 11.15 40 Ebb After Patt al 3.40 61 0.120 | 0.320} 0.024 | 0.136 
Difference]........ —2.60 —8 —0.008 |+0.160 }+0.002 |+0.022 

P.M. 
347 | Feb. 18} 4.20 1 Flood Before ile? 6.20 71 0.140 | 0.180 | 0.024 | 0.076 
347A 4.20 1 Flood After Palle il 4.00 70 0.068 |} 0.200 | 0.022 | 0.078 
Difference]........ —2.20 —1 —0.072 |+0.020 |+0.002 |+0.002 
348 | Feb. 18} 4.25 40 Flood Before 1.7 6.20 71 0.140 | 0.172 | 0.024] 0.166 
348A 4.25 40 Flood After 21.1 4.00 70 0.092 | 0.244 | 0.022] 0.1388 
Difference]........ —2.20 -1 —0.048 |+0.072 |—0.002 |—0.028 
391 May 29 | 12.22 1 Flood Before 15.0 4.60 73 0.152 | 0.336 | 0.034]. 0.066 
391A 12822 1 Flood After 21.6 2.34 41 0.136 | 0.344] 0.040] 0.130 
Difference]........ —2.26 —32 —0.016 |+0.008 |+0.006 |+0.064 
393 May 29 1.05 40 Flood Before 14.4 6.00 95 0.140 | 0.228 | 0.024} 0.066 
393A 1.05 40 Flood After 21.6 3.90 70 0.144! 0.240 | 0.042 | 0.058 
Difference]........ —2.10 —25 +0.004 |+0.012 |+0.018 |—0.008 
406 | May 29 | 6.45 1 Ebb Before 15.0 5.00 78 0.084 | 0.308 0.040 0.050 
406A 6.45 1 Ebb After 21.6 3.40 60 0.116 | 0.392 | 0.042} 0.088 
Difference]........ —1.60 —18 +0.032 |+0.084 |+0.002 |+0.038 
408 | May 29] 7.15 40 Ebb Before 14.4 5.10 78 0.112 | 0.240 | 0.029 | 0.050 
4084 ls 40 Ebb After 21.6 4.43 81 0.104 | 0.292} 0.028 | 0.052 
Difference]........ —0.67 +3 —0.008 |+0.052 }—0.001 |+0.002 
418 | June 11 | 10.30 1 Ebb Before ears 4.37 71 0.192 | 0.384] 0.040] 0.070 
418A 10.30 1 Ebb After 17.8 1.88 31 0.068 |} 0.304} 0.046} 0.144 
Difference]........ —2.49 —40 —0.124 |—0.080 |+0.006 |+0.074 
420 | June 11 | 10.50 40 Ebb Before 18.5 5.58 93 0.176 | 0.336 | 0.086 | 0.064 
420A 10.50 40 Ebb After 18.4 1.25 21 0.080 |} 0.240} 0.042} 0.118 
Difference}........ —4.33 —72 —0.096 |—0.096 |+0.006 |+0.054 

P.M. 
433 | June 11 2.45 1 Flood Before 17.8 5.26 89 0.164 | 0.244) 0.024] 0.036 
433A 2.45 1 Flood After 17.8 2.63 44 0.124 | 0.380} 0.044 | 0.094 
Difference]........ —2.63 —45 —0.040 |+0.136 |+0.020 |+0.058 
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TABLE CLXIV—Continued 
3—ROBBINS REEF, NEAR BELL BUOY—Continued 














Oxygen Parts per Million 
Sample| Date Hour Feet Tidal Incuba- Temp. 

No 1913 P.M below Serene don water C.C. |Per cent. Ammonia 
: *“"* | surface Deg. C. per Batura~ |= et Nitrite |) Nitrate 

litre tion Albu- F 

minoid oo 

435 | June 11 | 3.00 40 Flood Before 17.2 5.83 98 0.148 | 0.192 | 0.024] 0.046 
435A 3.00 40 Flood After ie ge | 3.94 60 0.092 | 0.360 | 0.040] 0.030 


Difference}........ =1.89 —38 —0.056 |+0.168 |+0.016 |—0.016 














4—KILL VAN KULL, MIDSTREAM, OFF SAILORS SNUG HARBOR 
Latitude 40° 38’ 50". Longitude 74° 06’ 07”. 























15 1 Ebb Before 11 7.14 83 0.376 0.444 0.001 0.269 
16 30 Ebb Before 1.7 Wn: 84 0.276 0.396 0.001 0.289 
25 1 Flood -| Before 0.6 7.14 84 0.316 0.432 0.001 0.289 
26 30 Flood Before zea] 7.14 85 0.182 0.176 0.001 0.219 
35 1 Ebb Before 5.0 7.00 82 0.524 0.896 0.002 0.468 
385A 1 Ebb After PANDA 2.86 46 —— 1.044 0.003 —— 
Difference]........ —4.14 —36 — |+0.148 |+0.001 — 
36 35 Ebb Before 5.0 6.86 85 0.416 0.660 0.001 0.309 
386A 35 Ebb After OT al 251 18 —— 0.096 0.003 —— 
Difference]........ —4.29 —67 —  /+0.300 |+0.002 | —— 
45 April 3 10.30 1 Flood Before 6.1 7.00 87 0.212 0.148 | 0.001 0.129 
45a 10.30 1 Flood After 18.3 4.44 70 0.144 0.204 0.001 0.079 
Diflerencel cca. —2.56 —17 —0.068 |+0.056 0.000 |—0.050 
46 April 3 | 10.40 35 Flood Before 6.1 6.86 87 0212 0.124 0.001 0.029 
464 10.40 35 Flood After 18.3 4.60 76 0.116 0.168 0.001 0.069 
Difference]........ —2.26 —11 —0.096 |+0.044 0.000 |+0.040 

P.M. 
51 April 3 4.30 1 Ebb Before Gal 7.28 86 0.216 0.288 0.002 0.148 
51a 4.30 1 Ebb After 18.3 4.31 67 0.176 0.300 | 0.002 0.148 
Differencel.. 4.00. —2.97 | —19 —0.040 |+0.012 0.000 0.000 
52 April 3 4.40 35 Ebb Before Gal 7.00 85 0.268 0.264 0.602 | 0.248 
52a 4.40 55) Ebb After 18.3 4.06 64 0.204 | 0.292 | 0.002} 0.078 
Difference]....... 7/—2.94 —21 —0.064 /+0.028 0.000 |—0.170 

A.M. 
67 June 13 | 11.30 1 Ebb Before 17a? 4.29 70 0.380 0.0382 0.004 0.046 
67A 11.30 1 Ebb After Dal 327 57 0.224 0.372 0.004 0.036 
Difference]........ —1.02 —13 —0.156 |+0.340 | 0.000 |—0.010 
68 June 13 | 11.35 35 Ebb Before 1732 4.29 70 0.350 0.048 0.0038 0.047 
68A 11.35 35 Ebb After 2 at Rinpit/ 60 0.144 0.292 0.008 0.052 
Difference]........ —0.92 —10 —0.206 |+0.244 |+0.005 |+0.005 

P.M. ee 

73 June 13 3.10 1 Flood Before L742 4,39 73 0.152 | 0.100 | 0.002 0.028 
T3A Selo 1 Flood After Ocal 2.96 52 0.120 | 0.3800} 0.004 | 0.026 
Difference]........ —1.438 —21 —0.032 |4+0.200 |+0.002 |—0.002 
74 June 13 3.15 40 Flood Before 16.7 4.39 71 Ox212 0.120 0.002 | 0.068 
744 Bebo 40 Flood After PAPA 3.06 54 0.144 | 0.292 0.008 0.052 
Difference]........ —1.33 —17 —0.068 |+0.172 |4-0.006 |—0.016 
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TABLE CLX1IV—Continued 
4—KILL VAN KULL, MIDSTREAM, OFF SAILORS SNUG HARBOR—Continued 





Oxygen Parts per Million 


Sample| Date Hour Feet Tidal Incuba- Temp. C.C. 








below : water Per cent. Ammonia 
No. 1912 A.M surface current tion Deg. C. per satura- |__| Nitrite | Nitrate 
litre tion Albu- rece 
minoid 

87 | July 11 | 10.30 1 Ebb Before 23.9 3.10 58 0.388 | 0.376 0.075 
87A 10.30 1 Ebb After 24.4 0.80 15 0.216 | 0.640 0.000 
Difference]........ —2.30 —43 —0.172 |+0.264 —0.075 
88 | July 11 | 10.40 35 Ebb Before 23.9 3.10 58 0.372 | 0.412 0.074 
88a 10.40 35 Ebb After 24.4 0.80 15 0.192 | 0.496 0.005 
Difference]........ —2.30 —43 —0.180 |+0.084 —0.069 

P.M. 
93 | July 11 | 2.00 1 Flood Before 23.9 3.20 61 0.308 | 0.400 0.077 
93A 2.00 1 Flood After 24.4 1.00 19 0.118 | 0.460 0.000 
Difference]........ —2.20 —42 —0.190 }|+0.060 —0.077 
94 | July 11 2.05 35 Flood Before 23.9 3.20 61 0.268 | 0.428 0.087 
944 2.05 35 Flood After 24.4 0.90 WG; 0.160 | 0.484 0.017 
Difference]........ —2.30 —44 —0.108 |+0.056 —0.070 

A.M. 
107 | July 27 | 11.15 1 Ebb Before OA. # 3.40 61 0.308 | 0.420 0.000 
107A 11.15 1 Ebb After 23.9 2.60 49 0.284 | 0.516 0.094 
Difference|........ —0.80 —12 |—0.014 |+0.096 —0.094 
108 | July 24 | 11.20 35 Ebb Before 21.7 3.30 60 0.288 | 0.416 0.000 
1084 11.20 35 Ebb After 23.9 2.60 49 0.204 | 0.572 0.010 
Difference]........ —0.70 —11 —0.074 |+0.156 +0.010 

P.M. 
113 | July 24] 2.25 1 Flood Before DAN) 3.80 69 0.196 | 0.488 0.021 
1134 225 1 Flood After 23.9 2.50 47 0.144 | 0.508 0.014 
Difference]........ —1.30 —22 —0.052 |+0.020 —0.007 
114 | July 24 | 2.30 35 Flood Before 21.7 3.80 69 0.140 | 0.452 0.000 
114A 2.30 35 Flood After 23.9 2.60 50 0.096 | 0.416 0.000 
Difference]........ —1.20 —19 —0.044 |—0.036 0.000 

1913 A.M 
319 Jan. 9 8.40 1 Flood Before 2a 6.10 70 0.128 0.180 0.206 
3194 8.40 1 Flood After 26.7 4.90 91 0.124 | 0.192 0.112 
Difference}........ —1.20 +21 —0.004 |4+0.012 —0.094 

P.M. 
329 | Jan. 9 | 12.40 1 Ebb Before 3.85 6.00 70 0.200 | 0.228 | 0.022} 0.208 
3294 12.40 1 Ebb After 26.7 4.60 94 0.124 | 0.840 | 0.032 | 0.178 
Difference|........ —1.40 +24 |—0.076 |+0.112 |+0.010 |—0.030 

A.M. 
339 | Feb. 18 | 11.30 1 Ebb Before 7, 5.80 65 0.228 | 0.488 | 0.042 | 0.148 
339A 11.30 1 Ebb After 21.1 3.40 60 0.196 | 0.628 | 0.042 | 0.128 
Difference]........ —2.40 —5 —0.032 |+0.140 |} 0.000 |—0.020 
340 | Feb. 18 | 11.35 35 | Ebb Before ib re 5.80 65 0.268 | 0.440] 0.042 | 0.198 
340A 11.35 35 Ebb After 21.1 3.00 53 0.196 | 0.608 | 0.040 | 0.140 
Difference]........ —2.80 —12 —0.072 |+0.168 |—0.002 |—0.058 

P.M. 
345 | Feb. 18 | 4.06 1 Flood Before ike 6.20 71 0.160} 0.176} 0.024] 0.176 
345A 4.06 1 Flood After Diet 3.60 65 0.112 | 0.232 |> 0.024) —OF156 
Difference]........ —2.60 —6 —0.048 |+0.056 | 0.000 |—0.020 
346 | Feb. 18 | 4.05 35 Flood Before he 7 6.30 a2 0.184 | 0.184]; 0.026] 0.194 
346A 4.05 35 Flood After OR | 4.20 75 0.132 0.252 0.020 0.150 
Difference}........ —2.10 +3 —0.052 |+0.068 |—0.006 |—0.044 
ft 


a ae 


f 
ee 
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TABLE CLXIV—Continued 
4—KILL VAN KULL, MIDSTREAM, OFF SAILORS SNUG HARBOR—Continued 
Oxygen Parts per Million 
Date | Hour | eet Tidal | Incuba- | Ze™P- 
1913 A.M below Paccant an water C.C. |Per cent. Ammonia 
°* | surface Deg. C. per satura- Nitrite | Nitrate 
litre tion Albu- F 
minoid Tes 
May 29 |} 11.40 , Flood Before 15.6 3.90 61 0.296 | 0.484} 0.064] 0.106 
1 Flood After 21.6 1.80 31 —— —— —— ee 
Difference]........ —2.10 —30 — —_——— — _— 
May 29 | 12.00 35 Flood Before 15.0 4.90 Wa 0.244 | 0.432 | 0.044] 0.066 
35 Flood After 21.6 2.70 47 — — — —— 
Difference]........ —2.20 —30 a —_—— — — 
1 Ebb Before 15.0 5.10 86 0.144 | 0.3864] 0.044] 0.046 
1 Ebb After 21.6 4.11 Te 0.188 } 0.512} 0.060} 0.100 
Difference]........ —0.99 —13 +0.044 |+0.148 |+0.016 |+0.054 
35 Ebb Before 15.0 5.70 90 0.148 | 0.340] 0.040] 0.050 
35 Ebb After 21.6 5.26 93 0.152 | 0.496 |] 0.054} 0.106 
Difference}........ —0.44 +3 +0.004 |+0.156 |+0.014 |+0.056 
1 Flood Before Vea 4.39 73 0.160 | 0.324 | 0.036} 0.084 
1 Flood After 17.8 2eot 39 0.092 | 0.360 | 0.0386} 0.124 
Difference]........ —2.02 —34 —0.068 |+0.036 | 0.000 |+0.040 
423 June 11 | 11.20 35 Flood Before 18.5 3.92 66 0.180 0.296 0.036 0.084 
4234 1.20 35 Flood After 18.4 Deon 38 0.080 | 0.268 | 0.070] 0.090 
Difference]........ —1.59 —28 —0.100 |—0.028 |+0.034 |+0.006 
P. M. 
436 | June 11 3.30 1 Ebb Before 18.4 4.61 78 0.160 | 0.324} 0.040] 0.090 
436A 3.30 1 Ebb After 18.4 2.92 49 0.100 | 0.352 | 0.060] 0.090 
Difference]........ —1.69 —29 —0.060 |+0.028 |+0.020 | 0.000 
438 | June 11 3.45 30 Ebb Before 1752 4.33 72 0.104 |} 0.228] 0.028 | 0.102 
4384 45 30 Ebb After 17.1 3.56 59 0.096 | 0.356] 0.062 | 0.088 
Difference|........ —0.77 —13 —0.008 }+0.128 |+0.034 |}—0.014 
5—NARROWS, BETWEEN FORTS LAFAYETTE AND WADSWORTH 
Latitude 40° 36’ 25”. Longitude 74° 02’ 48”. 
1912 P.M. 
5 | Feb. 27 | 12.30 1 Ebb Before 2.8 7.57 92 0.364 | 0.290} 0.001 0.190 
6 12.40 60 Flood Before 3.3 7.71 98 0.346 | 0.1384] 0.001 0.149 
17 | Mar. 4 1.00 1 Ebb Before 3 7.43 88 0.219 | 0.223; 0.001 0.179 
18 1.05 60 Ebb Before Litt 7.48 88 0.216 | 0.223 | 0.001 | 0.129 
A.M. 
27 | Mar. 5] 8.10 1 Flood Before 0.6 8.15 96 0.230 | 0.300} 0.001 0.119 
28 8.15 60 Flood Before 1.1 8.00 97 0.250} 0.272] 0.001} 0.119 
P.M. 
37 | Mar. 14] 1.50 1 Ebb Before 3.9 7.43 88 0.404 | 0.268 | 0.001 | 0.239 
374 1.50 1 Ebb After 21.1 3.43 57 —— 0.416 | 0.002} —— 
Difference]........ —4.00 —31 — |+0.148 |+0.001 —— 
38 | Mar. 14] 2.00 60 Flood Before 3.9 (aod 95 0.276 | 0.172] 0.000 {| 0.100 
38a 2.00. 60 Flood After 21.1 4.00 71 waa 0.176 | 0.002 | —— 
Difference]........ —3.57 —24 —— |+0.004 }/+0.002 a 
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TABLE CLXIV—Continued 
5—NARROWS, BETWEEN FORTS LAFAYETTE AND WADSWORTH—Continued 









































Oxygen Parts per Million 
Hour Feet Tidal Incuba- Temp. C.C. |Per cent. Ammonia 
A.M below current tion water er satura 4 pu. follie e aeneonye eee 
7"* | surface Deg. C. te 4 ion Albu- Hyad Nitrite 
minoid 
11.00 1 Flood Before 6.1 Cat 97 0.204 | 0.156 | 0.001 
11.00 1 Flood After 18.3 4.86 78 0.136 | 0.164 | 0.001 
Difference]........ —2.85 —19 —0.068 |+0.008 | 0.000 
11.10 60 Flood Before 6.1 7.50 98 0.200 | 0.156] 0.001 
11.10 60 Flood After 18.3 4.87 81 0.160 | 0.148 | 0.001 
Difference]........ —2.70 —17 —0.040 |—0.008 | 0.000 
P.M. 
3.50 1 Ebb Before 6.1 7.43 88 0.192 | 0.216 | 0.000 
3.50 1 Ebb After 18.3 4.17 63 0.108'} 0.192°] -O200E 
Difference}........ —3.26 —25 —0.084 |—0.024 |+0.001 
4.00 60 Ebb Before 6.1 7.14 87 0.208 | 0.164 | 0.001 
4.00 60 Ebb After 18.3 4.06 64 0.104 | 0.184 | 0.001 
Difference]........ —3.08 —23 +0.104 |+0.020 0.000 
A.M. 
1055 1 Ebb Before 17.2 4.29 71 0.192 | 0.080 | 0.002 
19055 1 Ebb After 21 3.47 62 0.152 | 0.284 | 0.002 
Difference]........ —0.82 —9 —0.040 |+0.204 0.000 
Noon 
70 | June 13 | 12.00 60 Ebb Before 16.7 4.39 73 0.236 | 0.076 | 0.002 
70A 12.00 60 Ebb After pa ed | 3457 64 0.128 |} 0.280} 0.003 
Difference]........ —0.82 —9 |—0.108 |+0.204 |+0.001 
P.M. ; 
71 June 13 2.30 1 Flood Before 17.2 4.80 80 0.208 0.136 0.002 
71a 2.30 1 Flood After 21.4 3.58 68 0.136 | 0.332 | 0.003 
Difference]........ —1.22 —12 —0.072 }+-0.196 |+0.001 
72 | June 13 | 2.325 60 Flood Before 16.7 4.90 81 0.296 | 0.100} 0.002 
72A 2280 60 Flood After PANEL 3.68 66 0.128 |} 0.224} 0.004 
Difference}........ —1.22 —15 —0.168 }+0.124 }+0.002 
A.M. 
89 | July 11 | 11.15 1 Ebb Before 23.9 3.20 61 0.284 | 0.3840 | 0.003 
89a Tad ts a Ebb After 24.4 1.00 19 0.132 0.412 0.094 
Difference]........ —2.20 —42 —0.152 |+0.072 |+0.091 
90 | July 11 | 11.25 60 Ebb Before 23.6 BEoU 63 0.228 | 0.356 | 0.008 
90a hi tad: 60 Ebb After 24.4 1.00 19 0.120 | 0.400 | 0.085 
Difference]........ —2.30 —44 —0.108 |+0.044 |+0.032 
P.M. 
91 | July 11 1.30 1 Flood Before 23.9 3.90 75 0.348 | 0.232 | 0.0038 
Q1a 1.30 1 Flood After 24.4 1.80 35 0.148 | 0.486 | 0.064 
Difference}........ —2.10 —40 —0.200 |+0.204 |+0.061 
92 | July 11 1.35 60 Flood Before 23.6 4.00 77 0.236 | 0.308 | 0.003 
92a 1.35 60 Flood After 24.4 1.80 35 0.124 | 0.380] 0.051 
Difference]........ —2.20 —42 —0.112 |+0.072 |+0.048 
A.M. 
109 | July 24 | 11.45 1 Ebb Before WAT 3.40 62 0.160 | 0.452 | 0.054 
109a 11.45 1 Ebb After 23.9 2.20 42 0.152 | 0.500 | 0.066 
Difference]........ —1.20 | —20 |—0.008 |+0.048 |+0.012 
110 | July 24 | 11.50 60 Ebb Before ys ia 3.40 62 0.188 | 0.388 | 0.070 
110a 11.50 60 Ebb After 23.9 2.40 46 0.120 | 0.496 | 0.020 
Difference]........ —1.00 —16 —0.068 |+0.108 |—0.050 
P.M. | 
111. oh uby 2437) 250 1 Flood Before 21.7 3.90 Th 0.244 | 0.456] 0.056 
111la 1.50 1 Flood After 23.9 2.40 46 0.096 0.420 0.050 
Difference]........ —1.50 —25 —0.148 |—0.086 |—0.006 


Nitrate 


0.139 
0.069 
—0.070 


0.109 
0.069 
—0.040 


0.150 
0.149 
—0.001 


0.239 
0.129 
0.110 


0.029 
0.019 
—0.010 


0.038 
0.037 
—0.001 


0.048 
0.047 


—0.001 


0.028 
0.006 


—0.022 


0.077 
0.000 


—0.077 


0.047 
0.000 
—0.047 


0.047 
0.006 
—0.041 


0.087 
0.000 
—0.087 


0.026 
0.034 


—0.008 | 


0.000 
0.120 
+0.120 


0.064 
0.020 
—0.044 


Se Se 
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TABLE CLXIV—Continued 
5—NARROWS, BETWEEN FORTS LAFAYETTE AND WADSWORTH—Continued 





Sample 
No. 


112 
112a 


o2k 
321A 


331 
331A 


341 
3414 


342 
342A 


343 
343A 


344 
3444 


385 
385A 


387 
887A 


400 
400a 


402 
4024 


424 
424A 


426 
426A 


439 
4394 


441 
441A 


Date 
1912 


July 24 


1913 
Jan. 9 


Jan. 9 


Feb. 18 


Feb. 18 


Feb. 18 


Feb. 18 


May 29 


May 29 


May 29 


May 29 


June 11 


June 11 


June 11 


June 11 
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Nitrate 


0.078 
0.058 
—0.020 


0.208 
0.166 
—0.042 


0.160 
0.240 
+0.080 


0.122 
0.108 
—0.014 


0.192 
0.176 
—0.016 


0.194 
0.126 
—0.068 


0.182 
0.186 
+0.004 


0.081 
0.042 
—0.039 


0.030 
0.054 
+0.024 


0.060 
0.042 
—0.018 


0.000 
0.054 
+0.054 


0.090 
0.138 
—0.048 


0.086 
0.058 
—0.028 


0.084 
0.036 
—0.048 


0.090 
0.046 


Oxygen Parts per Million 
Feet : Temp. 
aoe below a t SEG water C. C. |Per cent. Ammonia 
, surface Deg. C. per satura- Nitrit 
litre tion Albu- ive ae 
minoid ig 
1.55 60 Flood Before vAlzal 4.00 73 0.148 0.400 | 0.052 
155 60 Flood After 23.9 2.60 50 0.096 0.520 | 0.072 
Difference]........ —1.40 —23 —0.052 |+0.120 |+0.020 
A.M. 
9.06 1 Flood Before 3.9 6.80 82 0.144 0.144 | 0.012 
9.06 ft Flood After 26.7 5.10 96 0.100 | 0.204} 0.024 
Difference]........ —1.70 |} +14 —0.044 |+0.060 |+0.012 
Paice 
1.30 1 Ebb Before 368 6.10 71 0.148 0.148 0.020 
1.30 1 Ebb After AGT 5.10 96 0.076 | 0.172 | 0.020 
Difterence|>... +... —1.00 +25 —0.072 |+0.024 0.000 
Noon 
12.00 1 Ebb Before i er6 6.00 69 0.140 | 0.228 | 0.028 
12.00 1 Ebb After 21.1 3.80 68 0.112 | 0.256 | 0.032 
Differenctel.. 3... . —2.20 —1 —0.028 |+0.028 |+0.004 
P.M. : 
12.05 60 Ebb Before ei 6.10 70 0.124 | 0.172 | 0.028 
esos 60 Ebb After AVE 4.00 72 0.108 | 0.268 | 0.034 
Difference]........ —2.10 +2 +0.016 |+0.096 |+0.006 
51 aS 1 Flood Before 17. 6.60 76 0.108 | 0.196 | 0.026 
5h Os 1 Flood After 21.1 4.80 86 0.104 | 0.236 | 0.024 
Difference]........ —1.80 +10 —0.004 |/+0.040 |—0.002 
3.30 60 Flood Before 17. 6.70 78 0.164 | 0.212 | 0.028 
3.30 60 Flood After 21.1 4.80 87 0.116 | 0.236] 0.024 
Difference]........ —1.90 +9 —0.048 |+0.024 |—0.004 
A.M. 
10.05 1 Ebb Before 15.6 4.40 68 0.172 | 0.340 | 0.029 
10.05 1 Ebb After 21.6 Ded 40 0.116 | 0.324] 0.038 
Difference]........ —1.83 —28 —0.056 |—0.016 |+0.009 
10.30 60 Ebb Before 14.4 5.60 91 Q51245).02216) |) .02020 
10.30 60 Ebb After 21.6 4.41 79 0.092 | 0.220! 0.026 
Difference|........ —1.19 —12 —0.032 |+0.004 |+0.006 
P.M. 
4.45 11 Flood Before 15.0 5.20 84 0.100 | 0.236} 0.020 
4.45 11 Flood After 21.6 4.30 6 0.116 | 0.324] 0.038 
Difference]........ —0.90 —7 +0.016 |+0.088 |+0.018 
5.10 60 Flood Before 14.4 5.90 94 0.080.170.2125) 0.040 
5.10 60 Flood After 21.6 3.81 71 0.092 0.220 | 0.226 
Difference|........ —2.09 —23 +0.012 }+0.008 |+0.014 
12.05 1 Flood Before 18.5 4.11 70 0.176 | 0.268 | 0.0380 
12.05 1 Flood After 18.4 2.79 47 0.088 02232515 02032 
Difference]........ —1.34 —23 —0.088 |—0.036 |+0.002 
12.15 60 Flood Before 16.8 4.15 67 0.144] 0.208 | 0.024 
12.115 60 Flood After 16.7 3.03 50 0.092 | 0.320 | 0.032 
Difference}]........ —1.12- —17 —0.052 |+0.112 |+0.008 
4.20 1 Ebb Before 18.0 5.66 96 - 0.1382 | 0.228 |} 0.026 
4.20 1 Ebb After L7c8 aao0 had 0.072 0.284 | 0.024 
Difference]........ —2.30 —19 —0.060 |+0.056 |—0.002 
oe 4.35 60 Ebb Before 16.7 6.07 102 0.108 | 0.188 | 0.020 
ANB35 60 Ebb After 16.9 2} OR 54 0.064 |} 0.280] 0.044 
Difference]........ —2.84 —48 +0.044 }+0.092 |+0.024 
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ORGANIZATION AND FORCE EMPLOYED 


The work of the Commission has been deliberative and executive. The deliberative 
work has been carried on at meetings of the board, of which there has usually been 
one each week throughout the year. The executive work has been done chiefly through 
a staff of trained assistants, acting under the personal direction of the President. The 
direction of the scientific and technical work by the President has made it unnecessary 
to employ a Chief Engineer, Chief Chemist or Chief Bacteriologist, and has made it 
possible for the members of the Commission to keep in immediate contact with every 
detail of the investigation. To the ability, loyalty and industry of the staff is to be 
ascribed a large part of the results arrived at. 

Over twenty experts have been consulted by the Commission and the reports which 
they have rendered have contributed materially to place the work upon a broad and 
authoritative basis. 

_ Acknowledgment is made of assistance and co-operation from the United States 
Government, especially the U. S. Coast and Geodetic Survey and the Corps of En- 
gineers of the U. S. Army. The New York City officers, particularly the engineers of 
the bureaus of sewers, have furnished the Commission with much valuable data and 
criticism. 

The assistants employed between January, 1908, when the Commission was reor- 
ganized, and May, 1914, have been as follows: 














Title under Civil Service Period of Service. 
Names. Classifications. Se ae 
Beginning. Ending. 

OR MSS ea a Lal are Ohe aks Als Cee July 27, 1908 April 30, 1914 
NCCI TIL Came teny s cree cle ccs she hisie, s Saw «cas Hingimecersett sme ce esa Nov. 18, 1908 Jan. 15, 1910 
BNE EINAIIOR oye form csc 5c 1's, cycle << oe ob eace o's MN PINGer rear tett ot ee oe cas Feb. 4, 1909 June 12, 1909 
EMEC TOROEY oc 00.5 Soa decs st servo seus hata rite orate) owiehe Sept. 20, 1910 June 15, 1911 
Oo A eS SSS rr HSS IR eME eee ie Sen a nce ie Feb. 18, 1913 April 18, 1913 
DM CMIIREDOISCFATL. . gltiaa Das Mee oe cas ne ees Assistant Engineer..........| Sept. 20, 1909 Mch. 31, 1910 
NI es 2 sivas ea a etis odes 0 Assistant Engineer.......... Aug. 10, 1908 Oct. 9, 1908 
PRIA ee nos Sas aes cease ade delves Assistant Engineer.......... Sept. 1, 1909 April 14, 1910 
PO EMNCIMES OIC Ors. kc ss Svc asacesaccees Assistant Engineer.......... July 29, 1910 May 10, 1911 
OT) CONS GS GC Assistant Engineer.......... Aug. 20, 1910 Aug. 10, 1912 
OS en 0 Ga ae Assistant Engineer.......... Oct. 24, 1910 May 31, 1912 
POPNEGGIE ATLODINGON | 60.02 cee cares ee ee ws Assistant Engineer..........| Dec. 3, 1912 April 30, 1914 
SE MNMIRE TIN rc Ogee ooh ars SAR as be ee = Assistant Engineer.......... Dec. 4, 1912 April 15, 1913 
PEATE TIAL VCY 6-050. os vic aisis cele e ween des Assistant Engineer.......... Mch. 1, 1913 April 30, 1914 
OE EC Engineering Assistant....... Nov. 27, 1909 April 30, 1910 
VAT CP AGRDLOWN: fio hoc tiene oes cies 6 008 die es Engineering Assistant....... Nov. 27, 1909 Jan. 15, 1910 
IR MEVRVICETEMAN 2 fio oss craccta ears se sows aes Engineering Assistant....... Nov. 17, 1909 Nov. 18, 1909 
HUG CERN PRO AIVED Suc. 6 cr basis cig sis bee's we sess Hydrographic Assistant...... June 12, 1913 Aug. 31, 1913 
SNe oh bic <, sha d= n\e, vo) 0'e das aes Dtabistician.. ey s.5 oo ck. May 28, 1908 Dec. 12, 1909 
URCPMPCPEEETING. (3. ob. Coc eke eee ease § SRARISUICIATI (soa cote niente Feb. 1, 1910 Mch. 3, 1910 
MW itera iu. Copeland. .....4..6. cence wees Chemist nites esse e ss Oct. 1, 1911 Feb. 14, 1914 
ea Sea a y Se Ghemistese © ore eee ae Aug. 24, 1909 Nov. 27, 1909 
PNIBES EE ATOONS, oc. ss is sols cee oc anne cen Bacteriologist...:.........- Mch. 1, 1909 April 30, 1910 

: May 10, 1911 May 16, 1913 
DUMMRINOMEIDEPCREONC: cco crt ioste oh ares sas «0's's a Biologistenawun sam 2) 5k es = Aug. 17, 1908 July 31, 1909 
WOPEEBET VEC CY Wins)c acts Sol wl aah ain we cae oe Biologiattae an nae s en ies ay June 20, 1909 Jan. 12, 1910 
MIBERSEPIEY Se heen eae sO ois ow ooh e ohe Dranughteman <i. sheet acet Feb. 23, 1909 April 30, 1914 
RRR ri tos ie odin he ea oe Ss Se Ties Stenographers. caus ss ess July 27, 1908 April 30, 1910 
REM ITER TVG Ghela/ gis ccs vias > moe oem SPS Soi ys Stenographers? i.5. .c2upbtas June 13, 1910 April 30, 1914 
I AIMIGHCOHOT tae als ts ences Ae pietenels: fies slavs ¢ Stenographers ip ajecste is «cee June 15, 1913 Nov. 8, 1913 


MrarCorvl SLIOIBD Soe ec ce esate se eo Stenographers ras acu Gow Ax Dec. 1, 1913 April 30, 1914 
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REPORTS OF THE METROPOLITAN SEWERAGE COMMISSION 


1. Digest of Data Collected Before the Year 1908 Relating to the Sanitary Condi- 
tion of New York Harbor; 87 pages; 1909; 


bo 


be 


10. 


11. 


12, 


13. 


. Report on the Discharge of Sewage from the Proposed Passaic Valley Sewer of 


New Jersey; 7 pages; May 28, 1910; 


Report on the Proposed Discharge of Sewage from the Bronx Valley Sewer; 10 
pages; July 25, 1910; 


Sewerage and Sewage Disposal in the Metropolitan District of New York and 
New Jersey; 550 pages; April 30, 1910; 


Present Sanitary Condition of New York Harbor and the Degree of Cleanness which 


is Necessary and Sufficient for the Water; 457 pages; August, 1912; 


Preliminary Reports on the Disposal of New York’s Sewage: 


le 


If. 


III. 


IV. 


ae 


VII. 


VIII. 


Study of the Collection of the Sewage of New York City to a Central 
Point for Disposal; 16 pages; September, 1911; 

Description of the Four Principal Drainage Divisions in that Part of the 
Metropolitan Sewerage District which Lies in New York State; 11 
pages; November, 1911; 

Study of the Collection and Disposal of the Sewage of the Jamaica Bay 
Division; 10 pages; November, 1911; 

Study of the Collection and Disposal of the Sewage of the Upper East 
River and Harlem Division; 17 pages; July, 1912; 

Study of the Collection and Disposal of the Sewage of the Richmond Divi- 
sion; 21 pages; September, 1912; 

Study of the Collection and Disposal of the Sewage of the Lower Hudson, 
Lower East River and Bay Division; 58 pages; January, 1913; 

Critical Reports of Dr. Gilbert J. Fowler, of Manchester, England, and 
Mr. John D. Watson, of Birmingham, England, on the Projects of the 
Metropolitan Sewerage Commission with Special Reference to the Plans 
Proposed for the Lower Hudson, Lower East River and Bay Division; 


33 pages; February, 1913. 


Tidal Currents in New York Harbor as Shown by Floats; 46 pages ; October, 


1913. 


762 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


22 


a. MG be 


IX. 


XI. 


XII. 


XIII. 


XIV. 


XV. 


XVI. 


REPORTS OF THE METROPOLITAN SEWERAGE COMMISSION 


Rainfall and the Relations Between the Volumes of Domestic Sewage, 
Storm Water and Tidal Water in New York Harbor; 21 pages; Novem- 
ber, 1913. 


Recommendation for a Commission to Construct a System of Main Drain- 
age and Sewage Disposal for New York and Showing the Urgency 
Therefor; 7 pages; January, 1914. 

Discharge of Sewage into the Harbors of Boston and New York and a 
Report by X. H. Goodnough on the Conditions which Led to the Con- 
struction of the Main Drainage Systems of Boston and Vicinity; 21 
pages; February, 1914. 

Chemical Oxidation as a Process of Sewage Treatment and a Report by 
Samuel Rideal on Oxidation Processes Applicable to New York Condi- 
tions; 16 pages; March, 1914. 

Purification which Can be Effected by Settling Basins and a Report by 
Karl Imhoff upon the Use of Emscher Tanks in Purifying New York 
Harbor; 21 pages; March, 1914. 

Relation Between the Disposal of the Sewage and the Death Rate and a 
Report by Walter F. Willcox on the Crude and Corrected Death Rates 
of New York, London, Berlin and Paris for the Ten Years 1900-1909 ; 
16 pages; March, 1914. 

Digestion of Sewage by the Harbor Water and the Exhaustion of Dissolved 
Oxygen, with Tables of Oxygen and Other Chemical Results; 161 pages; 
March, 1914. 

Form of Administration Recommended for the Protection of New York 
Harbor Against Excessive Sewage Pollution; 12 pages; March, 1914. 
Tidal Information in Possession of the Commission and Correspondence 
on this Subject with the United States Coast and Geodetic Survey; 70 

pages; March, 1914. 
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